
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 
ñʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ɯʄɽʅɯ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆò 
ʊʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 
 
çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè                                    çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 
ʋɼʂ _681.5.015.8__                                             ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

         ___________/ ɺʦʣʦʜʠʤʠʨ ɺʆʃʆʑʋʂ/ 
         ñ____ò _________________ 2021 ʨ. 

 
ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 
 

ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ 

 

ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ  ʪʝʭʥʦʣʦʛʽʾ 
ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤò 
ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 
151ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ  
ʪʝʭʥʦʣʦʛʽʾò 
 

  
ʥʘ ʪʝʤʫ:   ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʟʘ 
ʨʘʭʫʥʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ.  
 
 
ɺʠʢʦʥʘʚ:  ʩʪʫʜʝʥʪ  ɯɯ ʢʫʨʩʫ, ʛʨʫʧʠ ʊɸ-01ʤʧ  
                         ʆʥʠʱʝʥʢʦ ɼʘʥʠʣʦ ɺô̫ ʯʝʩʣʘʚʦʚʠʯ   

(ʧʨʽʟʚʠʱʝ ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ)  (ʧʽʜʧʠʩ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ            ɼʦʮʝʥʪ, ʢ.ʪ.ʥ., ɯ.ʄ. ɻʦʣʽʥʢʦ  
 

 (ʧʦʩʘʜʘ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ )  (ʧʽʜʧʠʩ) 

 
  
                                                   
    

ʈʝʮʝʥʟʝʥʪ  ɼʠʨʝʢʪʦʨ ʊʆɺ çʊʦʪʘʣ ɽʥʝʨʛʦ ʊʨʝʡʜè, ʄ. ʇ. ʉʘʡʢʦ 
 
 

 (ʧʦʩʘʜʘ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ )  (ʧʽʜʧʠʩ) 
 

                                                                        
ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ  

                                                                       ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ 
                                                                        ʧʦʩʠʣʘʥʴ. 
                                                                                     ʉʪʫʜʝʥʪ ___ʆʥʠʱʝʥʢʦ ɼ.ɺ.______ 
                                                         
 
                                                                      ʂʠʾʚ ï 2021 ʨʦʢʫ 



  ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ   
ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ  

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò 
 

 

ʌʘʢʫʣʴʪʝʪ  ʊʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʡ                                                          
ʂʘʬʝʜʨʘ ɸʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 
ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ(ʤʘʛʽʩʪʝʨʩʴʢʠʡ)  
  
ʉʧʝʮʽʘʣʴʥʽʩʪʴ 
 
ʆʩʚʽʪʥʴʦ-
ʧʨʦʬʝʩʽʡʥʘ   
ʧʨʦʛʨʘʤʘ 

151ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ  ʪʝʭʥʦʣʦʛʽʾò 
 
(ñɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ -ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ     
ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤò) 

 
 
ɿɸʊɺɽʈɼɾʋʖ 

 ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

  /ɺʆʃʆɼʀʄʀʈ ɺʆʃʆʑʋʂ/ 
            (ʧʽʜʧʠʩ)                          (ʽʤô̫, ʇʈɯɿɺʀʑɽ) 
 ñ     ñ  2021 ʨ. 

 

ɿɸɺɼɸʅʅʗ 
ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

 

                                            ʆʥʠʱʝʥʢʦ ɼʘʥʠʣʦ ɺô̫ ʯʝʩʣʘʚʦʚʠʯ 
(ʧʨʽʟʚʠʱʝ, ʽʤ'ʷ, ʧʦ-ʙʘʪʴʢʦʚʽ) 

 
1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ  

 
ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʽʟ  

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 
 
ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽ ʾ         ɻʦʣʽʥʢʦ ɯʛʦʨ ʄʠʭʘʡʣʦʚʠʯ, ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. 

                                                                                                         (ʧʨʽʟʚʠʱʝ, ʽʤ'ʷ, ʧʦ-ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 
ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ  ç02è 11 2021 ʨ. ˉ   3629-ʩ 
 
2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ  ç17è ʛʨʫʜʥʷ 2021 ʨ.    
 
3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ  ʇʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʽʟ  
ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʚ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 
 
4. ɺʠʭʽʜʥʽ ʜʘʥʽ  
ʄʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʶ ʩʠʩʪʝʤʦʶ ʚʝʥʪʠʣʷʮʽʾ ̔ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 
 
 
 
5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ  



ʆʛʣʷʜ ʧʨʦʮʝʩʫ ʚʝʥʪʠʣʷʮʽʾ ʷʢ ʦʙ'ʻʢʪʫ ʢʝʨʫʚʘʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʽʟ 
ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʨʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 
ʧʨʠʤʽʱʝʥʥʽ, ʨʦʟʨʦʙʢʘ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ ʩʠʩʪʝʤʠ.  
 

6. ʆʨʽʻʥʪʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (̔ ʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ  
ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʘ, ʟʘʤʦʚʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ, ʩʭʝʤʘ 

ʧʨʠʥʮʠʧʦʚʘ ʝʣʝʢʪʨʠʯʥʘ, ʢʨʝʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ ʱʠʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ,  
ʩʭʝʤʘ ʤʦʥʪʘʞʥʘ ʱʠʪʘ, ʩʭʝʤʘ ʟʦʚʥʽʰʥʽʭ ʟôʻʜʥʘʥʴ. 

 
 
7.  ʆʨʽʻʥʪʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ 
ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʽʾ. 
ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 
 
8. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ "  21 "    ʚʝʨʝʩʥʷ   2021 ʨ. 

 
ʂɸʃɽʅɼɸʈʅʀʁ ʇʃɸʅ 

 

ˉ 
ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  
ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʨʦʢ ʚʠʢʦʥʘʥʥʷ 
ʝʪʘʧʽʚ ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽʾ 
ʇʨʠʤʽʪʢʘ 

1 ɺʠʜʘʯʘ ʟʘʚʜʘʥʥʷ 21.09.2021  

2 ʆʛʣʷʜ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʷʢ ʦʙôʻʢʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 
30.09.2021  

3 ʇʨʦʻʢʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʇɺʉɺ ̔ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 
07.10.2021  

4 ʄʦʜʝʣʶʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 14.10.2021  
5 ɸʧʨʦʢʩʠʤʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 21.10.2021  

6 ʈʦʟʨʘʭʫʥʦʢ ɸʉʂ ʽʟ ʮʠʬʨʦʚʠʤ ʪʘ ʘʥʘʣʦʛʦʚʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 
28.10.2021  

7 ʈʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʇɺʉɺ 4.11.2021  
8 ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 11.11.2021  

9 ʈʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 
18.11.2021  

10 ʈʦʟʨʦʙʢʘ ʩʪʘʨʪʘʧ-ʧʨʦ̒ʢʪʫ 25.11.2021  

11 ʇʽʜʧʠʩ ʢʝʨʽʚʥʠʢʘ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
09.12.2021  

12 ʇʦʧʝʨʝʜʥʽʡ ʟʘʭʠʩʪ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
10.12.2021  

13 ɿʘʭʠʩʪ 20.12.2021  
 
ʉʪʫʜʝʥʪ 

 
                        ɼʘʥʠʣʦ ʆʅʀʑɽʅʂʆ 

 

 (ʧʽʜʧʠʩ)  (ʽʤôʷ, ʇʈɯɿɺʀʑɽ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ       ɯʛʦʨ ɻʆʃɯʅʂʆ 

 (ʧʽʜʧʠʩ)  (ʽʤôʷ, ʇʈɯɿɺʀʑɽ) 

    

 



ʈɽʌɽʈɸʊ 
ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʫ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʢʨʝʩʣʝʥʴ. ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʦʙʩʷʟʽ 98 ʩʪʦʨʽʥʦʢ, ʤʽʩʪʠʪʴ 62 

ʨʠʩʫʥʢʠ, 31 ʪʘʙʣʠʮʴ, 5 ʢʨʝʩʣʝʥʴ ʪʘ 14 ʩʣʘʡʜʽʚ ʧʨʝʟʝʥʪʘʮʽʾ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʠʩʪʝʤʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʚ ʩʭʦʚʠʱʽ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʄʝʪʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʻ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʶ ʩʠʩʪʝʤʦʶ ʚʝʥʪʠʣʷʮʽʾ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, 

ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ, ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʇɺʉɺ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʶ 

ʩʠʩʪʝʤʠ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʽʟ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʜʦʚʠʭ ʧʘʥʝʣʝʡ ʦʧʝʨʘʪʦʨʘ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʚʠʙʽʨ ʩʭʝʤ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʾʭ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʧʦʨʽʚʥʷʥʥʷ 2 ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ (ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ), ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʛʨʘʤʥʦ-ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ EVCO ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʝʨʫʶʯʫ ʩʠʩʪʝʤʫ ʥʘ ʧʘʥʝʣʷʭ MySCADA, ʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʨʪʘʧ-

ʧʨʦʻʢʪʫ, ʨʦʟʨʦʙʣʝʥʘ ʨʠʥʢʦʚʘ ʩʪʨʘʪʝʛʽʷ ʧʨʦʻʢʪʫ, ʜʝ ʮʽʣʴʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ ʻ ʚʣʘʩʥʠʢʠ 

ʟʥʘʯʥʠʭ ʪʘ ʣʦʢʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ, ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʘʪʝʛʽʷ 

ʦʭʦʧʣʝʥʥʷ ʚʩʴʦʛʦ ʨʠʥʢʫ ʽʟ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ, ʚ ʙʘʟʦʚʽʡ ʩʪʨʘʪʝʛʽʾ 

ʨʦʟʚʠʪʢʫ ʦʙʨʘʥʘ ʩʪʨʘʪʝʛʽʷ ʜʠʬʝʨʝʥʮʽʘʮʽʾ. 

 
  



ABSTRACT 
The master's dissertation consists of an introduction, 5 chapters, a conclusion, a list of 

used sources and drawings. The work is done in the amount of 98 pages, contains 62 figures, 

31 tables, 5 drawings and 14 slides of the presentation. 

The object of the study is the system of supply and exhaust ventilation with recirculation 

in the storage of pharmaceutical products. 

The purpose of the master's dissertation is to create a modern process control system in 

recirculation with recirculation, development of automated control system of supply and 

exhaust ventilation system with recirculation, development of technical solutions for regulation 

and control, implementation of software for recirculation control. level using advanced 

operator panels. 

In the process of work the choice of control schemes and their substantiation was made, 

comparison of 2 control systems (digital and analog), software for software-logic controller 

EVCO and information-control system on MySCADA panels was developed, issues of startup 

project implementation were solved. project strategy, where the target audience is the owners 

of large and local enterprises in major cities of Ukraine, developed a strategy to cover the entire 

market through differentiated marketing, in the basic development strategy chosen 

differentiation strategy. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

ʇɺʉɺ ï ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ;  

ɸʉʂ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ;  

ʆʂ ï ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ;  

ɺʄ ï ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ;  

ʇʇ ï ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ; 

ʇʍ ï ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ʇʌ ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ; 

ʇɯ ʨʝʛʫʣʷʪʦʨ ï ʧʨʦʧʦʨʮʽʡʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ;  

ʇɯɼ ʨʝʛʫʣʷʪʦʨ ï ʧʨʦʧʦʨʮʽʡʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʨʝʛʫʣʷʪʦʨ; 

ʇʃʂ ï ʧʨʦʛʨʘʤʥʦ-ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ;  

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ;  

ʌʉɸ ï ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

Scada ï Supervisory control and data acquisition; 

Hmi ï Human machine interface; 

Fbd ï functional block diagram. 
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ɺʉʊʋʇ 

ɺʝʥʪʠʣʷʮʽʷ ʩʭʦʚʠʱ ʻ ʩʫʢʫʧʥʽʩʪʶ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʥʦʨʤ. ɿʘʚʜʘʥʥʷʤ 

ʚʝʥʪʠʣʷʮʽʾ ʻ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʩʢʣʘʜʫ ʧʨʦʜʫʢʮʽʾ. ʗʢʽʩʥʝ ʪʘ ʩʚʦʻʯʘʩʥʝ ʟʙʝʨʽʛʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʪʨʠʤʘʥʥʷ ʪʝʨʤʽʥʽʚ 

ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʚʠʣʴʥʘ ʜʦʙʽʨʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʛʦ ʨʽʚʥʷ ʚʦʣʦʛʦʩʪʽ ʚ ʧʨʠʤʽʱʝʥʥʽ ʩʭʦʚʠʱʘ, ʧʨʠ ʷʢʦʤʫ ʚʩʽ 

ʧʘʨʘʤʝʪʨʠ ʩʢʣʘʜʫ ʘʪʤʦʩʬʝʨʠ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʚʠʤʦʛʘʤ, ʱʦ 

ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʫʤʦʚ ʾʭ ʟʙʝʨʽʛʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʤʦʥʪʘʞʫ ʚʝʥʪʠʣʷʮʽʾ ʜʣʷ ʩʭʦʚʠʱ ʧʦʣʷʛʘʻ ʫ 

ʾʾ ʚʠʩʦʢʽʡ ʥʘʩʠʯʝʥʦʩʪʽ ʨʽʟʥʠʤʠ ʜʦʧʦʤʽʞʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟʽ 

ʩʪʝʣʘʞʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʟʘʧʦʚʥʶʶʪʴ ʙʫʜʽʚʣʶ ʩʭʦʚʠʱʘ ʤʘʡʞʝ ʧʦ ʚʩʽʡ 

ʧʣʦʱʽ. ʇʨʠ ʮʴʦʤʫ ʩʭʦʚʠʱʘ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʤʝʭʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʫ, 

ʱʦ ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʩʪʽ ʚ ʦʨʛʘʥʽʟʘʮʽʶ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʝʥʪʠʣʷʮʽʾ ʩʭʦʚʠʱʘ. 

ʅʘʩʘʤʧʝʨʝʜ, ʫ ʧʨʦʮʝʩʽ ʤʦʥʪʘʞʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʝʥʪʠʣʷʮʽʾ ʜʣʷ ʩʭʦʚʠʱ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʽ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʧʦʚʽʪʨʷʥʽ ʧʦʪʦʢʠ ʨʦʟʧʦʜʽʣʷʪʠʤʫʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʽ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʮʽʻʾ ʫʤʦʚʠ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʮʽʥʥʦʩʪʽ, ʨʦʟʤʽʱʝʥʽ ʫ 

ʩʭʦʚʠʱʽ.  
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1. ʆɻʃʗɼ ʇʈʆʎɽʉʋ ɺɽʅʊʀʃʗʎɯɰ ʗʂ ʆɹôɭʂʊʋ ʋʇʈɸɺʃɯʅʅʗ 

1.1 ʆʛʣʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʝʥʪʠʣʷʮʽʾ 

ɺʝʥʪʠʣʷʮʽʷ ʩʭʦʚʠʱ, ʟʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ [6], ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ 

ʦʩʥʦʚʥʽ ʚʠʜʠ:  

1) ʧʨʠʨʦʜʥʘ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ; 

2) ʤʝʭʘʥʽʯʥʘ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.1, ʷʢʘ ʥʝ ʤʘʻ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʨʦʜʥʦʶ. ʇʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʽ, ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. ʋ 

ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʠʥʢʘʭ ʻ ʧʨʠʨʦʜʥʘ ʚʝʥʪʠʣʷʮʽʷ, ʷʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʢʘʥʘʣʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʢʫʭʥʽ ʪʘ ʫ ʚʘʥʥʽʡ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʚʝʩʪʠ ʜʠʤʘʨʽ ʥʘʟʦʚʥʽ, ʥʘ ʜʘʭʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʬʣʝʢʪʦʨ, ʷʢʠʡ 

ʧʦʩʠʣʶʻ ʚʽʜʚʝʜʝʥʥʷ ʧʦʚʽʪʨʷ. ʇʨʠʧʣʠʚ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʧʦʭʦʜʠʪʴ ʽʟ ʱʽʣʠʥ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʢʥʘʭ ʪʘ ʜʚʝʨʷʭ. ʗʢ ʧʨʘʚʠʣʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʚʝʥʪʠʣʷʮʽʾ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʘʣʝ ʽ ʚʽʜ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ. ɿ ʯʘʩʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʠʪʪʷ ʢʘʥʘʣʽʚ ʧʦʚʽʪʨʷʤ 

(ʧʠʣʦʤ), ʩʤʽʪʪʷʤ ʪʘ ʙʨʫʜʦʤ. ʇʨʠʧʣʠʚ ʯʠʩʪʦʛʦ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʟʥʘʯʥʦ 

ʟʥʠʞʫʻʪʴʩʷ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʢʦʥ. 

 

ʈʠʩ. 1.1. ʇʨʠʨʦʜʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ 
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ʋ ʧʨʠʨʦʜʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʭʘʥʽʯʥʦʾ, ʨʠʩ. 1.2, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ ʪʘ ʧʨʠʣʘʜʠ ʜʣʷ ʧʝʨʝʩʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʥʘ ʚʝʣʠʢʫ 

ʚʽʜʩʪʘʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʡʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʥʘʛʨʽʚʘʥʥʷ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ, ʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʽʤ ʚʠʤʦʛʘʤ ʜʦ ʥʠʭ. ʆʜʥʘʢ ʮʝ ʢʦʰʪʫʻ ʥʘʙʘʛʘʪʦ ʜʦʨʦʞʯʝ, ʥʽʞ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʾʭʥʶ ʨʦʙʦʪʫ. 

 

ʈʠʩ. 1.2. ʄʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ 

 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʦʚʘʥʫ ʩʠʩʪʝʤʫ ʚʝʥʪʠʣʷʮʽʾ, ʷʢʘ 

ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʧʨʠʨʦʜʥʫ ʪʘ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʠ. ɭ ʧʨʠʩʪʨʦʾ ʟ ʨʝʘʣʽʟʦʚʘʥʠʤ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. ʅʘʧʨʠʢʣʘʜ, ʚʝʥʪʠʣʷʪʦʨ, ʱʦ ʚʢʣʶʯʘʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʚʦʣʦʛʦʩʪʽ, ʘʙʦ ʚʝʥʪʠʣʷʪʦʨ ʜʣʷ ʩʘʥʚʫʟʣʽʚ, ʱʦ 

ʧʨʘʮʶʻ ʚ ʧʘʨʽ ʟ ʚʠʤʠʢʘʯʘʤʠ ʩʚʽʪʣʘ. ʍʦʨʦʰʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʠʧʣʠʚʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʢʣʦʧʘʢʝʪʽʚ ʟ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʠʤʠ 

ʢʣʘʧʘʥʘʤʠ (ʧʨʠʧʣʠʚ ʧʦʚʽʪʨʷ ʟ ʚʫʣʠʮʽ). ʈʝʛʫʣʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʢʣʘʧʘʥ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʽʘʬʨʘʛʤʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʽʥ ʤʘʻ 

ʬʽʣʴʪʨ ʽʟ ʦʯʠʱʝʥʥʷʤ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʽʪʨʷ, ʚʽʥ ʟʥʠʞʫʻ ʰʫʤ ʫ ʧʨʠʤʽʱʝʥʥʽ. 
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ɺ ʩʚʦʶ ʯʝʨʛʫ, ʤʝʭʘʥʽʯʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʘ ʥʘ 

ʪʘʢʽ ʚʠʜʠ [6]: 

1) ʧʨʠʧʣʠʚʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ; 

2) ʚʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ; 

3) ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʘ ʧʨʠʧʣʠʚʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ; 

4) ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʘ ʚʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʧʣʠʚʥʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.3, ʤʦʞʥʘ 

ʧʦʜʘʚʘʪʠ ʚ ʧʨʠʤʽʱʝʥʥʷ ʯʠʩʪʝ ʧʦʚʽʪʨʷ ʟʘʤʽʩʪʴ ʩʪʘʨʦʛʦ, ʷʢʝ ʚʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʧʨʠʤʽʱʝʥʥʷ. ʆʧʘʣʝʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʷ ʟʘʟʚʠʯʘʡ ʦʙʣʘʜʥʫʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

 

ʈʠʩ. 1.3. ʇʨʠʧʣʠʚʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ 

 

ɿ ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ, 

ʚʠʜʘʣʷʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʝ ʪʘ ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʧʦʚʽʪʨʷ. ɺʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʷ ʤʦʞʝ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʷʢ ʚ ʦʬʽʩʽ, ʪʘʢ ʽ ʚ ʧʨʠʤʽʱʝʥʥʽ. 

ɺʝʥʪʠʣʷʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ ʤʽʩʮʝʚʦʛʦ ʪʠʧʫ ï ʮʝ ʪʽ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʧʦʜʘʚʘʪʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷ, ʘ ʧʦʚʽʪʨʷ, ʷʢʝ ʟʘʙʨʫʜʥʝʥʝ, ʫʪʠʣʽʟʫʚʘʪʠ 

ʪʽʣʴʢʠ ʟʚʽʜʪʠ, ʜʝ ʫʪʚʦʨʝʥʦ ʩʢʫʧʯʝʥʥʷ ʙʨʫʜʫ ʪʘ ʧʠʣʫ. 

ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʙʫʪʠ ʚʠʛʽʜʥʽʰʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 
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ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʦʶ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʚʝʩʪʠ ʰʢʽʜʣʠʚʽ ʛʘʟʠ ʪʘ ʚʦʣʦʛʫ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʥʪʠʣʷʮʽʡʥʫ ʩʠʩʪʝʤʫ 

ʽʟ ʟʘʛʘʣʴʥʦʶ ʧʦʜʘʯʝʶ ʥʘʩʠʯʝʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʤʽʩʮʴ ʫ ʧʨʠʤʽʱʝʥʥʽ. 

ʗʢʱʦ ʚ ʧʨʠʤʽʱʝʥʥʽ ʻ ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

1.4, ʪʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʪʽʣʴʢʠ ʚ ʦʩʦʙʣʠʚʠʭ ʤʽʩʮʷʭ, ʜʝ ʥʝʤʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʧʦ ʚʩʴʦʤʫ ʧʨʠʤʽʱʝʥʥʶ. 

ʊʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʠʪʷʞʥʽ ʚʝʥʪʠʣʷʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ. 

 

ʈʠʩ. 1.4. ɺʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ 

 

ʋ ʪʘʢʠʭ ʤʽʩʮʷʭ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ 

ʚʽʜʩʤʦʢʪʫʚʘʯʽʚ, ʷʢʽ ʻ ʨʽʟʥʠʤʠ ʫʢʨʠʪʪʷʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʥʘ ʧʦʟʙʫʪʠʩʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʜ ʤʽʩʮʷ ʾʭ ʫʪʚʦʨʝʥʥʷ, ʥʝ ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʧʦʰʠʨʶʚʘʪʠʩʴ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ. ɿʘʚʜʷʢʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʫ ʚʠʚʝʜʝʥʥʷ ʙʨʫʜʫ ʪʘ ʧʠʣʫ, ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʦʯʠʩʥʠʭ ʧʨʦʮʝʜʫʨ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʛʘʨʥʦʛʦ ʩʘʥʽʪʘʨʥʦʛʦ ʝʬʝʢʪʫ. 
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ʆʙʣʘʰʪʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʨʠʩ. 1.5, ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʩʽʡ 

ʙʫʜʽʚʣʽ. ʊʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʟʘʩʚʦʶʚʘʥʥʽ ʟʘʡʚʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ ʪʘ ʚʦʣʦʛʠ, ʷʢ ʟʘʩʽʙ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʪʦʙʪʦ ʚʠʧʘʨʽʚ ʪʘ 

ʛʘʟʽʚ, ʚʠʜʘʣʠʪʠ ʷʢʽ, ʥʝ ʚʜʘʚʘʣʦʩʷ ʙ ʤʽʩʮʝʚʦʶ ʪʘ ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʦʶ ʚʠʪʷʞʥʦʶ 

ʚʝʥʪʠʣʷʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ. 

 

ʈʠʩ. 1.5. ɿʘʛʘʣʴʥʦʦʙʤʽʥʥʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ 

 

ʅʘʷʚʥʽʩʪʴ ʥʝʩʪʘʯʽ ʪʝʧʣʘ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʥʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʦʥʘ ʚʟʘʻʤʦʜʽʻ ʟ ʤʝʭʘʥʽʯʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʪʘ ʥʘʛʨʽʚʘʻ ʚʝʩʴ ʦʙ'ʻʤ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ. ʗʢ ʧʨʘʚʠʣʦ, ʧʽʩʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ 

ʚʽʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʱʦ ʦʯʠʱʘʻ ʡʦʛʦ ʚʽʜ ʧʠʣʫ. ʐʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝʨʫ, ʧʦʚʠʥʥʽ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʨʝʛʫʣʶʚʘʪʠ ʨʦʟʙʘʣʘʥʩ, ʱʦ 

ʚʠʥʠʢ. 

ɯʟʦʣʴʦʚʘʥʠʡ ʚʝʥʪʠʣʷʪʦʨ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʠʧʫ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʚʽʢʥʽ, ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʪʠʧʦʤ ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʦʾ ʚʠʪʷʞʥʦʾ 

ʫʩʪʘʥʦʚʢʠ. ɼʘʥʘ ʩʠʩʪʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʧʦʚʽʪʨʷ , ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʧʨʠʤʽʱʝʥʥʽ ʮʽʻʾ 

ʩʠʩʪʝʤʠ, ʧʨʦʜʫʢʪʠʚʥʦ ʧʝʨʝʨʦʙʣʷʻ ʡʦʛʦ. 

ʗʢʱʦ ʚ ʩʭʦʚʠʱʽ ʻ ʙʘʛʘʪʦ ʨʽʟʥʦʨʽʜʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʪʦ ʾʭ 

ʟʙʝʨʽʛʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʝ ʦʜʥʫ ʩʠʩʪʝʤʫ. ɿʘʛʘʣʴʥʦʦʙʤʽʥʥʽ 
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ʚʠʪʷʞʥʽ ʩʠʩʪʝʤʠ, ʨʠʩ. 1.5, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, 

ʷʢʽ ʥʝ ʟʜʘʪʥʽ ʚʠʡʪʠ ʟ ʧʨʠʤʽʱʝʥʥʷ ʥʘʟʦʚʥʽ, ʘʙʦ ʽʟʦʣʶʚʘʪʠʩʷ ʪʘ ʥʘʜʭʦʜʠʪʠ ʟ 

ʧʨʠʧʣʠʚʥʠʤ ʧʦʚʽʪʨʷʤ ʫ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ.  

ɿʘ ʩʧʦʩʦʙʘʤʠ ʟʙʦʨʢʠ ʚʝʥʪʠʣʷʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ [6]: 

1) ʥʘʙʽʨʥʫ ʚʝʥʪʠʣʷʮʽʡʥʫ ʫʩʪʘʥʦʚʢʫ 

2) ʤʦʥʦʙʣʦʢʦʚʫ ʚʝʥʪʠʣʷʮʽʡʥʫ ʫʩʪʘʥʦʚʢʫ. 

ʅʝ ʤʝʥʰ ʧʦʧʫʣʷʨʥʠʤʠ ʻ ʟʘʨʘʟ ʽ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʽ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ, ʨʠʩ. 

1.6, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʣʝʤʝʥʪʽʚ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʣʴʢʦʭ 

ʯʘʩʪʠʥ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʚʽʜ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʚʽʜ ʦʜʥʦʛʦ. ʋ 

ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʚʩʝ, ʱʦ ʟʘʚʛʦʜʥʦ: ʚʽʜ ʥʝʚʝʣʠʢʦʾ ʢʚʘʨʪʠʨʠ ʜʦ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ. 

 

ʈʠʩ. 1.6. ʅʘʙʽʨʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ 

 

ɺʝʥʪʠʣʷʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʦʛʦ ʙʣʦʢʫ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʤʦʥʦʙʣʦʯʥʠʤʠ. ʇʦ-ʧʝʨʰʝ, ʚ ʤʦʥʦʙʣʦʯʥʽʡ ʩʠʩʪʝʤʽ, ʨʠʩ. 1.7, ʷʢ ʧʨʘʚʠʣʦ, 
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ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʝʢʫʧʝʨʘʪʦʨ ð ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ 

ʭʦʣʦʜʥʠʤ ʧʦʚʽʪʨʷʤ ʧʨʠʧʣʠʚʫ ʽ ʪʝʧʣʠʤ ʚʠʪʷʞʥʠʤ ʧʦʚʽʪʨʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʢʦʥʦʤʠʪʠ ʙʣʠʟʴʢʦ 50-75% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʜʘʻ ʯʫʜʦʚʫ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ 

ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ. ʅʝ ʧʦʪʨʽʙʥʦ ʙʘʛʘʪʦ ʤʽʩʮʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ 

ʤʦʥʪʘʞʫ ʤʦʥʦʙʣʦʯʥʦʾ ʩʠʩʪʝʤʠ. ɺʦʥʘ ʟʘʡʤʘʻ ʤʘʣʦ ʤʽʩʮʷ, ʧʨʠʯʦʤʫ ʥʝ ʚʠʤʘʛʘʻ 

ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʚ ʜʫʞʝ ʤʘʣʝʥʴʢʝ ʧʨʠʤʽʱʝʥʥʷ ʚʩʪʘʥʦʚʠʪʠ ʾʾ 

ʥʝ ʚʜʘʩʪʴʩʷ. 

 

ʈʠʩ. 1.7. ʄʦʥʦʙʣʦʢʦʚʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ 

 

1.2 ʆʛʣʷʜ ʪʝʭʥʦʣʦʛʽʡ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ 

ɿʘ ʩʧʦʩʦʙʘʤʠ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʚʝʥʪʠʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ [1]: 

1) ʚʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ; 

2) ʚʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ; 

3) ʚʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʙʝʟ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʘʙʦ ʨʝʢʫʧʝʨʘʮʽʾ. 
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 ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʚʠʜʠ ʨʝʢʫʧʝʨʘʪʦʨʽʚ ʥʘ ʩʴʦʛʦʜʥʽ: ʧʣʘʩʪʠʥʯʘʩʪʽ, ʨʦʪʦʨʥʽ 

ʘʙʦ ʟ ʧʨʦʤʽʞʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʝʥʪʠʣʷʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʤʫʩʦʚʫ 

ʮʠʨʢʫʣʷʮʽʶ ʧʦʚʽʪʨʷ, ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʠ ʟ ʧʨʦʤʽʞʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ, ʩʭʝʤʘ ʥʘ ʨʠʩ. 

1.8, ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʣʶʯʠʪʠ ʧʦʧʘʜʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʥʝʜʦʣʽʢ ʫʪʠʣʽʟʘʪʦʨʽʚ ʟ ʧʨʦʤʽʞʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʧʦʣʷʛʘʻ ʚ 

ʧʽʜʚʠʱʝʥʽʡ ʤʝʪʘʣʦʻʤʥʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʦʾ ʤʘʣʠʤ ʧʦʪʝʥʮʽʡʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ʩʝʨʝʜʦʚʠʱ, ʱʦ ʦʙʤʽʥʶʶʪʴʩʷ ʪʝʧʣʦʤ ʘʙʦ ʥʠʟʴʢʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʚʥʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʧʘʨʘʪʽʚ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʢʦʥʦʤʽʶ 

ʪʝʧʣʦʪʠ ʥʘ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, ʚ ʪʘʢʠʭ ʘʛʨʝʛʘʪʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʪʠʬʨʠʟ. 

 

ʈʠʩ. 1.8. ɺʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʽʟ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʦʤ (ʟ ʧʨʦʤʽʞʥʠʤ 

ʪʝʧʣʦʥʦʩʽʻʤ) 

 

ʆʜʥʘʢ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʠʤʠ ʧʣʘʩʪʠʥʯʘʩʪʠʤʠ 

ʘʛʨʝʛʘʪʘʤʠ, ʨʠʩ. 1.9, ʚʦʥʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʤʽʥʽʤʘʣʴʥʽ ʚʪʨʘʪʠ ʪʝʧʣʘ ʧʨʠ ʧʝʨʝʜʘʯʽ ʡʦʛʦ ʧʦʚʥʦʾ ʪʝʧʣʦʪʠ, ʚʠʩʦʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʾ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ. 

ʅʝʜʦʣʽʢʘʤʠ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʣʝ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʥʘʣʝʞʥʠʡ ʪʝʧʣʦʥʦʩʽʡ, ʘ ʪʘʢʦʞ ʦʙʤʝʨʟʘʥʥʷ ʫʪʠʣʽʟʘʮʽʡʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʚ ʭʦʣʦʜʥʠʡ ʩʝʟʦʥ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ 

ʘʙʦ ʚʽʜʢʣʶʯʘʪʠ ʧʨʠʧʣʠʚʥʠʡ ʚʝʥʪʠʣʷʪʦʨ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʡʧʘʩʥʠʡ ʢʣʘʧʘʥ, 

ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʙʘʡʧʘʩʥʠʡ ʢʣʘʧʘʥ. 

 

ʈʠʩ 1.9. ɺʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʽʟ ʧʣʘʩʪʠʥʯʘʪʠʤ ʨʝʢʫʧʝʨʘʪʦʨʦʤ 

 

ʇʨʠ ʮʴʦʤʫ ʨʦʪʦʨʥʽ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʠ, ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.10, ʤʘʶʪʴ 

ʚʠʩʦʢʠʡ ʂʂɼ, ʱʦ ʜʦʩʷʛʘʻ 80-90%. ʆʙʝʨʪʘʥʥʷ ʧʨʠʩʪʨʦʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʚʝʨʥʝʥʥʷ ʪʝʧʣʘ ʪʘ ʚʦʣʦʛʦʩʪʽ ʚʩʝʨʝʜʠʥʫ ʧʨʠʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʦ ʦʯʠʱʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚʽʜ ʧʠʣʫ ʪʘ ʛʘʟʽʚ. ʊʦʤʫ ʮʝʡ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨ ʣʝʛʢʠʡ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ 

ʫʧʨʘʚʣʽʥʥʽ. ʆʜʥʘʢ ʜʦ ʤʽʥʫʩʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʯʘʩʪʠʥʘ ʟʘʙʨʫʜʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʧʦʪʨʘʧʣʷʻ ʫ ʧʨʠʧʣʠʚʥʫ ʯʘʩʪʠʥʫ ʢʘʥʘʣʫ, ʪʦʤʫ ʪʫʪ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʜʦʜʘʪʢʦʚʽ ʬʽʣʴʪʨʠ, ʷʢʽ ʙ ʦʯʠʱʘʣʠ ʧʦʚʽʪʨʷ. 
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ʈʠʩ. 1.10. ɺʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʽʟ ʨʦʪʦʨʥʠʤ ʨʝʢʫʧʝʨʘʪʦʨʦʤ 

 

 ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʽʾ ʥʘ ʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʮʠʨʢʫʣʷʮʽʷ ʫ 

ʚʠʪʷʞʥʠʭ ʢʘʥʘʣʘʭ ʩʠʩʪʝʤʠ. ɿ ʧʣʶʩʽʚ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʣʝʛʢʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, 

ʪʘʢʦʞ ʧʨʦʩʪʦʪʫ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʑʝ ʦʜʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʾʾ 

ʥʝʜʦʣʽʢʠ ï ʮʝ ʧʦʚʝʨʥʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦ ʢʘʥʘʣʫ ʧʨʠʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ ʯʝʨʝʟ ʧʦʚʝʨʥʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʚ 

ʢʘʥʘʣ ʧʨʠʧʣʠʚʫ. 

 

1.3 ʆʧʠʩ ʟʘʛʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

1.3.1 ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʢʦʥʪʫʨʽʚ ʢʝʨʫʚʘʥʥʷ 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʽ 4 ʢʦʥʪʫʨʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʘʙʦ ʚʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ, 

ʟ ʚʙʫʜʦʚʘʥʠʤ ʟʘʭʠʩʪʦʤ ʚʽʜ ʟʣʝʜʝʥʽʥʥʷ ʚ ʭʦʣʦʜʥʠʡ ʯʘʩ, ʘʙʦ ʂʂɹ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ, ʘʙʦ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʽ ʧʦʚʽʪʨʷʥʠʤʠ ʟʘʩʣʽʥʢʘʤʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷ.  
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ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʢʦʥʪʫʨ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʽʛʨʽʚʦʤ ʧʦʚʽʪʨʷ ʥʘ ʨʠʩ. 1.11. 

ʇʝʨʰʦʯʝʨʛʦʚʦʶ ʯʘʩʪʠʥʦʶ ʢʦʥʪʫʨʫ ʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʘʪʯʠʢ TE, ʧʦʟʠʮʽʷ 1-1, 

ʱʦ ʤʽʨʷʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʩʣʷ ʥʘʛʨʽʚʘʯʘ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʜʘʻʪʴʩʷ ʜʦ ʇʃʂ 

TC, ʧʦʟʠʮʽʷ 1-2, ʷʢʠʡ, ʟʘ ʧʨʦʛʨʘʤʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʧʨʘʮʴʦʚʫʻ ʜʘʥʽ, ʽ 

ʚʽʜʧʨʘʚʣʷʻ ʢʝʨʫʶʯʠʡ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʥʘ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ, ʧʦʟʠʮʽʷ 1-3. 

ʂʨʽʤ ʪʦʛʦ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ TE, ʧʦʟʠʮʽʷ 1-4, ʽ ʟʘʭʠʩʥʠʡ ʪʝʨʤʦʩʪʘʪ, ʧʦʟʠʮʽʷ 

1-5, ʪʝʞ ʥʘʜʘʶʪʴ ʜʘʥʽ ʜʦ ʇʃʂ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʚ ʟʚʦʨʦʪʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʢʘʣʦʨʠʬʝʨ. ʆʪʨʠʤʘʥʽ, ʢʦʥʪʨʦʣʝʨʦʤ ʟʥʘʯʝʥʥʷ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʝʢʪʥʦ 

ʚʽʜʧʨʘʚʣʷʪʠ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ ʜʦ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ, 

ʧʦʟʠʮʽʷʭ 1-3, ʪʘ ʟʘʭʠʱʘʪʠ ʢʘʣʦʨʠʬʝʨ ʚʽʜ ʟʣʝʜʝʥʽʥʥʷ ʚ ʭʦʣʦʜʥʠʡ ʯʘʩ ʨʦʢʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʝʧʣʦʥʦʩʽʷ ʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ. 
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ʈʠʩ. 1.11. ʂʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʧʽʜʽʛʨʽʚʦʤ ʧʦʚʽʪʨʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʛʨʽʚʘʯʘ. 

 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʢʦʥʪʫʨ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʽʪʨʷʤ, ʷʢʝ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʥʘ ʨʠʩ. 

1.12.  ʇʝʨʰʦʯʝʨʛʦʚʦʶ ʯʘʩʪʠʥʦʶ ʢʦʥʪʫʨʫ ʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʘʪʯʠʢ TE, ʧʦʟʠʮʽʷ 

2-1, ʷʢʠʡ ʤʽʨʷʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʧʽʩʣʷ ʦʭʦʣʦʜʞʫʚʘʯʘ. ɼʘʣʽ ʜʘʪʯʠʢ ʥʘʜʘʻ 

ʟʥʘʯʝʥʥʷ ʜʦ ʇʃʂ TC, ʧʦʟʠʮʽʷ 2-2, ʷʢʠʡ, ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ, ʩʧʨʠʡʤʘʻ ʚʭʽʜʥʽ ʜʘʥʽ, 

ʽ ʚʽʜʧʨʘʚʣʷʻ ʢʝʨʫʶʯʠʡ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʜʦ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʦʜʥʦʭʦʜʦʚʦʛʦ ʚʝʥʪʠʣʶ, ʧʦʟʠʮʽʷ 2-3. 

 

ʈʠʩ. 1.12. ʂʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷʤ ʧʦʚʽʪʨʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʭʦʣʦʜʞʫʚʘʯʘ. 

 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʢʦʥʪʫʨ ʫʧʨʘʚʣʽʥʥʷ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ʨʠʩ. 1.13. ʇʝʨʰʦʯʝʨʛʦʚʦʶ ʯʘʩʪʠʥʦʶ ʢʦʥʪʫʨʫ ʻ 

ʜʘʪʯʠʢ ʪʠʩʢʫ PT, ʧʦʟʠʮʽʷ 3-1, ʷʢʠʡ ʤʽʨʷʻ ʪʠʩʢ ʧʽʩʣʷ ʚʝʥʪʠʣʷʪʦʨʘ. ɼʘʣʽ ʜʘʪʯʠʢ 
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ʥʘʜʘʻ ʜʘʥʽ ʜʦ ʇʃʂ FC, ʧʦʟʠʮʽʷ 3-2, ʷʢʠʡ, ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʧʨʘʮʴʦʚʫʻ ʚʭʽʜʥʽ 

ʜʘʥʽ, ʽ ʚʽʜʧʨʘʚʣʷʻ ʢʝʨʫʶʯʠʡ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʜʦ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

FS, ʧʦʟʠʮʽʷ 3-3, ʷʢʠʡ ʢʝʨʫʻ ʤʦʪʦʨʦʤ ʚʝʥʪʠʣʷʪʦʨʘ, ʧʦʟʠʮʽʷ 3-4. ʇʨʝʩʦʩʪʘʪ PDS 

ʤʽʨʷʻ ʪʠʩʢ ʜʦ ʽ ʧʽʩʣʷ ʚʝʥʪʠʣʷʪʦʨʘ, ʧʦʟʠʮʽʷ 3-5, ʱʦ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ 

ʚʝʥʪʠʣʷʪʦʨʘ. 

 

 

ʈʠʩ. 1.13. ʂʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʥʪʠʣʷʪʦʨʘ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʪʫʨ ʫʧʨʘʚʣʽʥʥʷ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

1.14. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʪʫʨʫ ʻ ʜʘʪʯʠʢ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ PT, ʧʦʟʠʮʽʷ 

4-1, ʷʢʠʡ ʤʽʨʷʻ ʪʠʩʢ ʧʽʩʣʷ ʟʘʩʣʽʥʢʠ. ɿʥʘʯʝʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʇʃʂ FC, ʧʦʟʠʮʽʷ 

4-2, ʷʢʠʡ, ʟʘ ʘʣʛʦʨʠʪʤʦʤ, ʟʯʠʪʫʻ ʜʘʥʽ, ʷʢʽ ʥʘʜʽʡʰʣʠ, ʪʘ ʚʽʜʧʨʘʚʣʷʻ ʢʝʨʫʶʯʠʡ 

ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʥʘ ʧʨʠʚʽʜ ʟʘʩʣʽʥʢʠ, ʧʦʟʠʮʽʷ 4-3. 
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ʈʠʩ. 1.14. ʂʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʣʽʥʢʠ. 

1.3.2 ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ, ʪʘʢʽ ʷʢ [5]:  

1) ʧʨʠʧʣʠʚʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ;  

2) ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ;  

3) ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 

ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ, ʷʢʘ ʧʨʘʮʶʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʧʣʠʚʥʦʾ ʩʠʩʪʝʤʠ, 

ʦʯʠʱʫʻ ʪʘ ʧʽʜʽʛʨʽʚʘʻ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ. ɿʘ ʩʭʝʤʦʶ ʥʠʞʯʝ, ʨʠʩ. 1.15, 

ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʧʣʠʚʥʦʾ ʟʘʩʣʽʥʢʠ, ʬʽʣʴʪʨʘ, ʧʨʠʧʣʠʚʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʪʘ ʧʨʠʧʣʠʚʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ. ʈʦʟʙʝʨʝʤʦ ʢʦʞʥʠʡ ʚʘʨʽʘʥʪ. 

 
ʈʠʩ. 1.15. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʠʧʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ. 
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ɿʘʚʜʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ï ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʚʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʧʨʠʤʽʱʝʥʥʽ. 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ, ʧʨʠʧʣʠʚʥʽ 

ʚʝʥʪʠʣʷʪʦʨʠ, ʬʽʣʴʪʨʠ ʧʨʠʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʧʨʠʧʣʠʚʥʘ ʟʘʩʣʽʥʢʘ ʽ ʥʘʛʨʽʚʘʯ. 

ɿʦʚʥʽ ʻ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʧʦʛʦʜʦʟʘʣʝʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʜʘʪʯʠʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ 

ʧʨʠʤʽʱʝʥʥʽ. ɿʥʘʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʧʦʟʘ ʧʨʠʤʽʱʝʥʥʷʤ, ʤʦʞʥʘ 

ʩʢʦʨʠʛʫʚʘʪʠ ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʪʠ ʢʦʤʬʦʨʪʥʝ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʫ ʧʨʠʤʽʱʝʥʥʽ ʌʽʣʴʪʨ ʻ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʪʘ ʟʘʧʦʙʽʛʘʻ 

ʧʦʧʘʜʘʥʥʶ ʧʠʣʫ ʥʘ ʢʘʣʦʨʠʬʝʨ, ʚʝʥʪʠʣʷʪʦʨ ʪʘ ʧʨʠʤʽʱʝʥʥʷ. 

ɺʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ ʻ ʥʘʛʨʽʚʘʯʝʤ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʥʘʛʨʽʚʘʥʥʷ ʦʯʠʱʝʥʦʛʦ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʢʦʨʠʛʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 1-ʭʦʜʦʚʠʭ ʢʣʘʧʘʥʽʚ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʧʦʜʘʯʽ ʚʭʽʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʂʦʥʪʨʦʣʝʨ ʫʧʨʘʚʣʷʻ 

ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʨʝʛʫʣʶʻ 1-ʭʦʜʦʚʠʤ ʢʣʘʧʘʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ. ʋ ʪʨʫʙʦʧʨʦʚʦʜʽ ʟʚʦʨʦʪʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʽ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʦʪʨʽʙʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʦʨʦʪʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʑʦʙ ʟʘʭʠʩʪʠʪʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʚʽʜ ʟʘʤʝʨʟʘʥʥʷ ʚʟʠʤʢʫ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʝʨʤʦʩʪʘʪ ʥʘ ʥʘʛʨʽʚʘʯʽ. 

ʇʨʠʧʣʠʚʥʘ ʟʘʩʣʽʥʢʘ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʠʧʣʠʚ ʧʦʚʽʪʨʷ ʜʦ 

ʧʨʠʤʽʱʝʥʥʷ, ʪʘʢʦʞ ʚʦʥʘ ʦʩʥʘʱʝʥʘ ʧʨʦʪʠʧʦʞʝʞʥʦʶ ʬʫʥʢʮʽʻʶ. ʅʘ ʟʘʩʣʽʥʢʫ 

ʧʦʜʘʻʪʴʩʷ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʚʽʜ ʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʡʦʛʦ ʥʘ ʚʠʢʦʥʘʚʯʠʡ 

ʤʝʭʘʥʽʟʤ, ʢʝʨʫʶʯʠ ʥʝʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʩʦʩʪʘʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʬʽʣʴʪʨʘʭ 

ʪʘ ʚʝʥʪʠʣʷʪʦʨʘʭ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʬʽʣʴʪʨʽʚ ʘʙʦ ʚʠʭʽʜ ʟ ʣʘʜʫ, 

ʧʦʰʢʦʜʞʝʥʥʷ, ʚʝʥʪʠʣʷʪʦʨʽʚ. 

ʇʦʜʘʯʘ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷʪʦʨʘ 

ʧʨʠʧʣʠʚʫ, ʷʢʠʡ ʧʨʠʛʘʥʷʻ ʧʦʪʽʢ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʥʘ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʘʥʘʣʦʛʦʚʠʡ 
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ʩʠʛʥʘʣ ʟ ʢʦʥʪʨʦʣʝʨʘ ʘʙʦ ʤʦʞʣʠʚʝ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ 

ʧʫʩʢʘʯʘ. 

ʋ ʧʨʠʤʽʱʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʪʘ ʧʽʜʽʛʨʽʚ ʧʦʚʽʪʨʷ ʪʘ ʚʠʜʘʣʝʥʥʷ ʚʞʝ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷ. ʋ ʩʠʩʪʝʤʽ ʥʠʞʯʝ, ʥʘ ʨʠʩ. 1.16, ʚʢʣʶʯʝʥʽ ʧʨʠʧʣʠʚʥʘ ʪʘ ʚʠʪʷʞʥʘ 

ʟʘʩʣʽʥʢʘ, ʧʨʠʧʣʠʚʥʠʡ ʬʽʣʴʪʨ, ʚʦʜʷʥʽ ʢʘʣʦʨʠʬʝʨʠ, ʧʨʠʧʣʠʚʥʠʡ ʪʘ ʚʠʪʷʞʥʠʡ 

ʚʝʥʪʠʣʷʪʦʨ. ʋ ʮʶ ʩʠʩʪʝʤʫ ʜʦʜʘʪʢʦʚʦ ʚʙʫʜʦʚʘʥʠʡ ʢʘʥʘʣʴʥʠʡ ʟʚʦʣʦʞʫʚʘʯ. 

ʆʧʠʰʝʤʦ ʚʩʽ ʝʣʝʤʝʥʪʠ ʮʽʻʾ ʩʠʩʪʝʤʠ. 

 
ʈʠʩ. 1.16. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ. 

 

 ʎʷ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ. ɻʦʣʦʚʥʽ ʝʣʝʤʝʥʪʠ ʮʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʮʝ ʥʘʛʨʽʚʘʯʽ ʧʦʚʽʪʨʷ, 

ʧʨʠʧʣʠʚʥʠʡ ʪʘ ʚʠʪʷʞʥʠʡ ʚʝʥʪʠʣʷʪʦʨ, ʧʨʠʧʣʠʚʥʠʡ ʬʽʣʴʪʨ, ʘ ʪʘʢʦʞ ʚʠʪʷʞʥʘ ʪʘ 

ʧʨʠʧʣʠʚʥʘ ʟʘʩʣʽʥʢʠ. 

ʇʨʠ ʮʴʦʤʫ ʢʘʥʘʣʴʥʠʡ ʟʚʦʣʦʞʫʚʘʯ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ ʥʘ ʮʽʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ ʟʘʙʝʟʧʝʯʫʻ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʦʤ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʡʦʛʦ ʧʽʜ ʫʩʪʘʚʢʫ ʚʦʣʦʛʦʩʪʽ. ʋ ʢʦʥʪʫʨ 

ʟʚʦʣʦʞʫʚʘʯʘ ʚʙʫʜʦʚʘʥʠʡ ʥʘʩʦʩ, ʧʦ ʢʦʣʫ ʷʢʦʛʦ ʧʦʩʪʽʡʥʦ ʮʠʨʢʫʣʶʻ ʚʦʣʦʛʘ ʧʘʨʘ, 
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ʷʢʘ ʯʘʩ ʚʽʜ ʯʘʩʫ ʚʧʨʝʩʦʚʫʻʪʴʩʷ ʚ ʥʘʛʨʽʪʝ ʪʘ ʦʯʠʱʝʥʝ ʧʦʚʽʪʨʷ ʜʣʷ ʡʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 3-ʭʦʜʦʚʠʭ ʢʣʘʧʘʥʽʚ ʽ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ ʫ 

ʢʦʥʪʫʨʘʭ ʚʦʜʷʥʠʭ ʥʘʛʨʽʚʘʯʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ 

ʪʝʧʣʦʥʦʩʽʷ ʟʽ ʟʚʦʨʦʪʥʠʤ ʧʦʪʦʢʦʤ, ʜʣʷ ʮʴʦʛʦ ʚ ʾʭ ʢʦʥʪʫʨ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ. 

ʋ ʚʠʪʷʞʥʦʤʫ ʢʘʥʘʣʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨ, ʷʢʠʡ ʚʠʜʘʣʷʻ ʧʦʚʽʪʨʷʥʫ 

ʤʘʩʫ ʟ ʧʨʠʤʽʱʝʥʥʷ ʯʝʨʝʟ ʚʠʪʷʞʥʠʡ ʢʘʥʘʣ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʷʢʠʡ ʧʦʩʠʣʘʻʪʴʩʷ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʟ ʇʃʂ ʘʙʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʷʢʫ ʚʭʦʜʠʪʴ ʟʘʩʣʽʥʢʘ, 

ʤʦʞʥʘ ʧʦʟʙʘʚʠʪʠʩʷ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʽʡʥʫ 

ʫʩʪʘʥʦʚʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʤʦʞʥʘ ʦʯʠʩʪʠʪʠ ʪʘ ʧʽʜʽʛʨʽʪʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʘ ʪʘʢʦʞ 

ʚʠʜʘʣʠʪʠ ʡʦʛʦ ʘʙʦ ʟʘʩʪʦʩʫʚʘʪʠ ʚʞʝ ʚʠʢʦʨʠʩʪʘʥʝ. ʋ ʩʠʩʪʝʤʽ ʥʠʞʯʝ, ʥʘ ʨʠʩ. 1.17, 

ʚʭʦʜʷʪʴ ʧʨʠʧʣʠʚʥʘ, ʨʝʮʠʨʢʫʣʷʮʽʡʥʘ ʪʘ ʚʠʪʷʞʥʘ ʟʘʩʣʽʥʢʠ, ʧʨʠʧʣʠʚʥʠʡ ʬʽʣʴʪʨ, 

ʚʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ, ʧʨʠʧʣʠʚʥʠʡ ʪʘ ʚʠʪʷʞʥʠʡ ʚʝʥʪʠʣʷʪʦʨ. ʂʨʽʤ ʮʴʦʛʦ ʚ 

ʩʠʩʪʝʤʽ ʻ ʢʘʥʘʣʴʥʠʡ ʟʚʦʣʦʞʫʶʯʠʡ ʧʨʠʩʪʨʽʡ. ʆʧʠʰʝʤʦ ʚʩʽ ʜʦʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ 

ʮʽʻʾ ʩʠʩʪʝʤʠ. 

 



26 
 

 
 

ʈʠʩ. 1.17. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 

 

ʎʷ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʦʜʷʥʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʠʡ ʚʝʥʪʠʣʷʪʦʨ, ʧʨʠʧʣʠʚʥʠʡ ʬʽʣʴʪʨ, ʘ 

ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ ʚʠʪʷʞʥʦʾ ʟʘʩʣʽʥʢʠ. ʇʨʠ ʮʴʦʤʫ ʨʝʮʠʨʢʫʣʷʮʽʶ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʦʱʘʜʠʪʠ ʥʘ ʥʘʛʨʽʚʘʥʥʽ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ. 
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1.3.3 ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʦʪʠ 

ʅʘ ʨʠʩ. 1.18 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʟ 

ʨʝʢʫʧʝʨʘʮʽʻʶ [7]. ʈʝʢʫʧʝʨʘʮʽʷ ʪʝʧʣʘ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʽʾ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ 

ʧʦʚʽʪʨʷ ʘʚʪʦʤʘʪʠʟʫʶʪʴʩʷ ʦʜʥʘʢʦʚʦ, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʚ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ 

ʨʦʟʛʣʷʜʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

 ɼʣʷ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʘʙʦ ʭʦʣʦʜʫ ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʦʚʽʪʨʷ 

ʧʦʪʨʘʧʣʷʻ ʚʩʝʨʝʜʠʥʫ ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ, ʜʝ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʟ ʥʘʩʠʯʝʥʠʤ 

ʧʦʚʽʪʨʷʤ ʧʨʠʧʣʠʚʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʧʦʚʽʪʨʷ, ʱʦ 

ʚʠʜʘʣʷʻʪʴʩʷ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʟʤʽʰʘʥʦʛʦ ʧʦʚʽʪʨʷ. 

 

ʈʠʩ. 1.18. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʧʦʚʽʪʨʷ 

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʨʝʛʫʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʟʤʽʰʘʥʦʛʦ ʪʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʨʝʛʫʣʶʚʘʣʴʥʽ ʢʣʘʧʘʥʠ ʥʘ ʟʘʩʣʽʥʢʘʭ: ʧʨʠʧʣʠʚʥʠʡ, 

ʚʠʪʷʞʥʠʡ ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʡ. ʅʘ ʚʭʦʜʽ ʚ ʧʨʠʧʣʠʚʥʠʡ ʪʘ ʫ ʚʠʭʦʜʽ ʚʠʪʷʞʥʦʛʦ 

ʢʘʥʘʣʫ ʟʘʩʣʽʥʢʠ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʽʡ ʬʘʟʽ, ʘ ʚ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʤʫ ʢʘʥʘʣʽ 

ð ʫ ʧʨʦʪʠʬʘʟʽ ʱʦʜʦ ʚʠʪʷʞʥʦʾ ʪʘ ʧʨʠʧʣʠʚʥʦʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʨʽʚʝʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʽʜ 0 ʜʦ 100%. ʇʦʚʥʽʩʪʶ ʚʽʜʢʨʠʪʽ 
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ʧʨʠʧʣʠʚʥʽ ʪʘ ʚʠʪʷʞʥʽ ʟʘʩʣʽʥʢʠ ʪʘ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʘ ʨʝʮʠʨʢʫʣʷʮʽʷ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʫ ʥʘ ʧʨʷʤʦʪʦʯʥʫ (ʩʪʫʧʽʥʴ ʨʝʮʠʨʢʫʣʷʮʽʾ 0%). ʋ ʨʘʟʽ 

ʧʦʚʥʦʛʦ ʟʘʢʨʠʪʪʷ ʧʨʠʧʣʠʚʥʠʭ ʪʘ ʚʠʪʷʞʥʠʭ ʟʘʩʣʽʥʦʢ ʪʘ ʧʦʚʥʦʛʦ ʚʽʜʢʨʠʪʪʷ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, ʾʾ ʩʪʫʧʽʥʴ ʩʢʣʘʜʝ 100%. 

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʽʪʨʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʘʩʠʤʽʣʷʮʽʾ ʪʝʧʣʘ ʪʘ 

ʚʦʣʦʛʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʫ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ ʦʙG . ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥG ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʘʩʠʤʽʣʷʮʽʾ ʰʢʽʜʣʠʚʠʭ ʧʘʨʽʚ ʪʘ 

ʛʘʟʽʚ ʘʙʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʥʽʪʘʨʥʠʭ ʥʦʨʤ. ʊʦʤʫ ʤʘʩʘ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ 

ʨG ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʨ ʦʙ ʥG G G= - . 

 

ʈʠʩ. 1.19. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ 

ʪʝʧʣʘ 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ 

ʝʥʝʨʛʦʚʠʪʨʘʪʥʽ, ʱʦ ʨʦʟʛʣʷʜʘʣʦʩʷ ʫ [7], ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʩʘʥʽʪʘʨʥʦ-

ʛʽʛʽʻʥʽʯʥʠʤʠ ʥʦʨʤʘʤʠ. ʋ ʨʘʟʽ, ʷʢʱʦ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟʘʩʚʦʶʻ ʰʢʽʜʣʠʚʽ 

ʨʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ: ʪʶʪʶʥʦʚʠʡ ʜʠʤ, ʞʠʨʦʚʽ ʚʠʧʘʨʠ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ 

ʜʣʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ. ʎʝʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʢʫʧʝʨʘʪʠʚʥʠʭ ʘʙʦ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 
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1.19. ɸʙʩʦʣʶʪʥʦ ʨʦʟʜʽʣʷʶʪʴ ʚʩʽ ʟʫʩʪʨʽʯʥʽ ʧʦʪʦʢʠ ʣʠʰʝ ʨʝʢʫʧʝʨʘʪʠʚʥʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ. ʅʝʚʝʣʠʢʘ ʯʘʩʪʢʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʻ ʫ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ. 

ʋ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʷʢʠʭ ʻ ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, 

ʨʝʛʫʣʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʽʚ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ: ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 
115 ʭʚ- ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʑʦʙ ʫʥʠʢʥʫʪʠ ʟʘʙʨʫʜʥʝʥʴ ʨʝʢʫʧʝʨʘʪʦʨʘ, ʷʢ ʫ ʧʨʠʧʣʠʚʥʦʤʫ ʢʘʥʘʣʽ, ʪʘʢ ʽ 

ʫ ʚʠʪʷʞʥʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʽʣʴʪʨʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʝ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʢʦʣʝʩʘ, ʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʝʢʫʧʝʨʘʪʦʨʘ. 

 

1.4 ʆʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ  

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʥʘʷʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ 

ʽʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʘ ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ [7]. ʇʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʚʽʪʨʷ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʡʦʛʦ ʚ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ, ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʚ ʧʨʠʧʣʠʚʥʫ ʩʠʩʪʝʤʫ, ʽ 

ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ. 

ɼʣʷ ʚʠʙʦʨʫ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʙʫʜʫʶʪʴ dïh ʜʽʘʛʨʘʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʘ ʧʝʚʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʥʘʡʪʠ ʪʘʢʫ ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʦʪʨʠʤʘʥʥʷ 

ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ, ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʝʥʝʨʛʽʾ, ʚʦʜʠ, ʧʦʚʽʪʨʷ ʽ ʪ.ʜ. ʊʘʢʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʤʦʜʝʣʣʶ ʩʠʩʪʝʤʠ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ 

ʚʝʥʪʠʣʷʮʽʾ ʧʦʚʽʪʨʷ (ʊɼʄ). 
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ʈʠʩ. 1.21. ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʧʦʚʽʪʨʷ 

 

ʋ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ (ʥG) ʟʤʽʰʫʻʪʴʩʷ ʟ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʤ, 

ʦʪʨʠʤʘʥʘ ʩʫʤʽʰ ʜʦʛʨʽʚʘʻʪʴʩʷ ʚ ʧʦʚʽʪʨʦʥʘʛʨʽʚʘʯʽ ʧʝʨʰʦʛʦ ʧʽʜʽʛʨʽʚʫ ʜʦ ʝʥʪʘʣʴʧʽʾ 

( ʢ ʟʤh ), ʽ ʧʽʩʣʷ ʮʴʦʛʦ ʚ ʢʘʤʝʨʽ ʟʨʦʰʝʥʥʷ ʧʽʜʜʘʻʪʴʩʷ ʟʚʦʣʦʞʝʥʥʶ ʘʜʽʘʙʘʪʠʯʥʦʛʦ 

ʜʦ ʩʪʘʥʫ (ʟʤʂ ) ʽ ʚ ʥʘʛʨʽʚʘʯʽ (2ɺʅ) ʜʦʚʦʜʠʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʦʯʢʠ (3ʇ). 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʪʘʢʘ:    ʟʤ ʟʅ ʋ+ = 

'   ʥʫ ʥʫ ʟʤ ʟʉ ʉ ʂ ʇ­ ­ ­ .  

ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʨʝʛʫʣʶʻʪʴʩʷ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ (3ʊʉ), ʜʘʪʯʠʢ ʷʢʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʽʩʣʷ ʢʘʤʝʨʠ ʟʨʦʰʝʥʥʷ. ʈʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʥʘʛʨʽʚʘʯʘ ʧʝʨʰʦʛʦ ʧʽʜʽʛʨʽʚʫ ʤʘʚ ʝʥʪʘʣʴʧʽʶ ( ʢ ʟʤh

). ɸʜʽʘʙʘʪʥʝ ʟʚʦʣʦʞʝʥʥʷ ʜʦʚʦʜʠʪʴ ʚʤʽʩʪ ʚʦʣʦʛʠ ʚʤʽʩʪʫ ʜʦ ʩʪʘʥʫ (ʟʤʂ ). 



31 
 

 
 

ʊʝʨʤʦʨʝʛʫʣʷʪʦʨ (4ʊʉ), ʜʘʪʯʠʢ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʨʝʛʫʣʶʻ 

ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʚʽʪʨʦʥʘʛʨʽʚʘʯʘ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ (ʧʟt). 

ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʚʽʪʨʦʥʘʛʨʽʚʘʯʘ ʧʝʨʰʦʛʦ ʧʽʜʽʛʨʽʚʫ: 

( )1  T ʦʙ ʢ ʟʤ ʥʫQ G h h= - , 

ʘ ʧʦʚʽʪʨʦʥʘʛʨʽʚʘʯʘ ʜʨʫʛʦʛʦ ʧʽʜʽʛʨʽʚʫ: ( )2  T ʦʙ ʇɿ ʢ ʟʤQ G h h= - . 

ʋ ʤʽʨʫ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ (ʟʤʅ ) ʫ ʙʽʢ ʽʟʦʝʥʪʘʣʴʧʽʾ (ʥʫh) ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘʛʨʽʚʘʯʘ ʧʝʨʰʦʛʦ ʧʽʜʽʛʨʽʚʫ (1ɺʅ). ʋ ʤʦʤʝʥʪ, ʢʦʣʠ ʪʦʯʢʘ ʅ 

ʦʧʠʥʠʪʴʩʷ ʥʘ ʣʽʥʽʾ (ʥʫh), ʧʦʪʨʝʙʘ ʚ (1ɺʅ) ʚʽʜʧʘʜʘʻ. ʉʪʘʥ ʧʦʚʽʪʨʷ ʚʽʜ (ʟʤh) ʜʦ (ʥʫh

) ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʰʠʤ ʭʦʣʦʜʥʠʤ ʨʝʞʠʤʦʤ. ɿʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜʽʛʨʽʚʘʯʘ 

( 1ɺʅ) ʜʦ ʥʫʣʷ ʻ ʩʠʛʥʘʣʦʤ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʜʨʫʛʠʡ ʭʦʣʦʜʥʠʡ ʨʝʞʠʤ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʝʥʪʘʣʴʧʽʷʤʠ (ʥʫh) ʽ ( ʢ ʟʤh ). ʋ ʮʝʡ ʧʝʨʽʦʜ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ 

ʟʤʽʰʫʻʪʴʩʷ ʟ ʫʪʠʣʽʟʦʚʘʥʠʤ, ʩʫʤʽʰ ʧʽʜʜʘʻʪʴʩʷ ʘʜʽʘʙʘʪʥʦʤʫ ʟʚʦʣʦʞʝʥʥʶ ʚ 

ʢʘʤʝʨʽ ʟʨʦʰʝʥʥʷ ʜʦ ʩʪʘʥʫ (ʟʤh), ʧʽʩʣʷ ʯʦʛʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʥʘʛʨʽʚʘʯʝʤ (2ɺʅ) ʜʦ 

ʩʪʘʥʫ (3ʇ) (ʧʨʦʮʝʩ '
2       ʟʤ ʟ ʥʫ ʥʫ ʟʤ ʟʅ ʋ ʉ ʉ ʂ ʇ+ = ­ ­ ­). 

ʋ ʤʽʨʫ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ (ʟʤʅ ) ʫ ʙʽʢ ʽʟʦʝʥʪʘʣʴʧʠ ( ʢ ʟʤh ) ʚʠʪʨʘʪʘ 

ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʦʚʥʝ ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʧʝʨʰʦʾ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʣʷ ʧʝʨʝʢʣʘʜʫ ʩʠʩʪʝʤʠ ʥʘ ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ. ʉʪʘʥ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʤʽʞ ʝʥʪʘʣʴʧʽʷʤʠ ( ʢ ʟʤh ) ʽ (ʢʣh) ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜʥʠʤ ʨʝʞʠʤʦʤ. ʋ ʮʝʡ 

ʧʝʨʽʦʜ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ (ʧʝʨʅ ) ʟʚʦʣʦʞʫʻʪʴʩʷ ʘʜʽʘʙʘʪʠʯʥʦ ʽ ʜʦʛʨʽʚʘʻʪʴʩʷ ʚ 

ʥʘʛʨʽʚʘʯʽ (2ɺʅ). ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʨʠʧʣʠʚʫ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʣʽʥʽʾ (3 2 1ʇ ʇ ʇ). 

ɺʦʣʦʛʦʚʤʽʩʪ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʨʠʧʣʠʚʫ ʨʝʛʫʣʶʻʪʴʩʷ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ (4ʊʉ), ʷʢʠʡ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʚʽʪʨʦʥʘʛʨʽʚʘʯʘ (2ɺʅ). 
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ʗʢʱʦ ʝʥʪʘʣʴʧʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʩʪʘʻ ʚʠʱʝ ʝʥʪʘʣʴʧʽʾ 

ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ, ʪʦ ʜʦʮʽʣʴʥʦ ʟʤʽʰʫʚʘʪʠ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʤ. ʆʙʨʦʙʢʫ ʧʦʚʽʪʨʷ ʚ ʜʽʘʧʘʟʦʥʽ ʝʥʪʘʣʴʧʽʡ ʚʽʜ (1ʫh) ʜʦ (ʣh) 

ʥʘʟʠʚʘʶʪʴ ʣʽʪʥʽʤ ʨʝʞʠʤʦʤ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ 

ʪʘʢʘ: 1 1      ʣ ʥʫ ʣʅ ʋ ʉ ʂ ʇ+ = ­ ­  

 

ʈʠʩ. 1.22. ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ 

ʪʝʧʣʘ 

 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʟ 

ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.22. ʋ ʜʘʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʪʝʧʣʦ 

ʟʩʫʚʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʟ ʪʦʯʢʠ (ʟʤʅ ) ʜʦ ʪʦʯʢʠ ( ʫ ʟʤʅ ) ʫ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʽ ʟ ʪʦʯʢʠ (ʣʅ) ʜʦ ʪʦʯʢʠ ( ʫ ʣʅ ) ï ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʾ ʚ ʨʝʞʠʤʽ ʥʘʛʨʽʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʧʨʠʧʣʠʚʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʚʽʪʨʶ ʚ 
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ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʽʻʶ, ʷʢʘ ʤʦʛʣʘ ʙ ʙʫʪʠ ʧʝʨʝʜʘʥʘ, ʷʢʙʠ ʮʝ ʧʦʚʽʪʨʷ ʙʫʣʦ ʥʘʛʨʽʪʝ ʜʦ 

ʝʥʪʘʣʴʧʽʾ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʠʤʽʱʝʥʥʷ: 

22 21 22 21

11 21 11 21

100 % 100 %ʥ
i i t tɽ
i i t t
- -= =
- -

, 

ʜʝ, ( )21 21,  i t ï ʝʥʪʘʣʴʧʽʷ (ʪʝʤʧʝʨʘʪʫʨʘ) ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʧʝʨʝʜ 

ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʦʤ; ( )22 22,  i t ï ʝʥʪʘʣʴʧʽʷ (ʪʝʤʧʝʨʘʪʫʨʘ) ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ 

ʧʽʩʣʷ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʦʤ; ( )11 11,  i t ï ʝʥʪʘʣʴʧʽʷ (ʪʝʤʧʝʨʘʪʫʨʘ) ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ 

ʧʝʨʝʜ ʪʝʧʣʦʫʪʠʣʽʟʘʪʦʨʦʤ; 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʾ ʨʝʢʫʧʝʨʘʪʠʚʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʜʦʩʷʛʘʻ 70 %. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʾ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 ʚ ʨʝʞʠʤʽ ʥʘʛʨʽʚʫ: 22 21

11 21

100 %ʥ
t tɽ
t t
-=
-

, ʚ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ:

21 22

21 11

 100 %ʦ
t tɽ
t t
-=
-

, ʚ ʨʝʞʠʤʽ ʟʚʦʣʦʞʝʥʥʷ: 22 21

11 21

100 %ʫʚ
d dɽ
d d
-=
-

, 

 ʜʝ, d ï ʚʦʣʦʛʦʟʤʽʩʪ, 3/ʛ ʤ. 

ʉʫʜʷʯʠ ʟ ʫʩʽʭ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʤʦʜʝʣʝʡ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʩʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʦʚʽʪʨʷ ʜʦ ʧʦʜʘʯʽ ʡʦʛʦ 

ʜʦ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʧʨʠʤʽʱʝʥʥʷ ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʚ ʇɺʉɺ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 
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1.5 ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʪʦʯʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ɺɽʅʊʉ ɺʋʊ 3000 ʇɺ ɭʉ 

ɼʘʥʠʡ ʧʫʥʢʪ ʧʨʠʩʚʷʯʝʥʠʡ ʩʠʩʪʝʤʽ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ɺɽʅʊʉ ɺʋʊ 3000 ʇɺ ɭʉ, ʚ ʷʢʽʡ ʥʘʷʚʥʠʡ ʚʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘʤʠ. ɼʘʥʠʡ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.23, 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ ʤʦʥʪʘʞʫ ʚ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʽ ʢʘʥʘʣʠ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ. ɺ ʥʽʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʨʘʭʦʚʘʥʠʡ ʜʣʷ ʧʽʜʽʛʨʽʚʫ 

ʧʦʚʽʪʨʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ. ʋ ʧʨʠʤʽʱʝʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

ʚʽʜ -25Áʉ ʜʦ +40ÁC ʪʘʢʠʡ ʢʘʣʦʨʠʬʝʨ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ. 

ʊʘʢʠʡ ʪʠʧ ʥʘʛʨʽʚʘʯʽʚ ʥʝ ʤʘʻ ʚʙʫʜʦʚʘʥʠʭ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʘʭʠʩʪʫ 

ʚʽʜ ʟʘʤʝʨʟʘʥʴ ʫ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʟʘʧʦʙʽʛʪʠ ʘʚʘʨʽʡʥʠʤ ʩʠʪʫʘʮʽʷʤ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʽʢ 

ʚʦʜʠ, ʷʢʠʡ ʥʝ ʜʦʧʫʩʪʠʪʴ ʟʘʤʝʨʟʘʥʥʷ ʚʦʜʷʥʦʛʦ ʥʘʛʨʽʚʘʯʘ. ʑʦʙ ʮʝ ʟʨʦʙʠʪʠ, 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʦʨʦʪʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʢʘʣʦʨʠʬʝʨʘ. ʇʨʠ ʥʝ ʜʦʪʨʠʤʘʥʥʽ ʮʠʭ ʚʠʤʦʛ ʚʦʜʘ ʚ 

ʢʘʣʦʨʠʬʝʨʽ ʟʘʤʝʨʟʥʝ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʨʦʟʨʠʚʫ ʤʽʜʥʠʭ ʪʨʫʙʦʢ ʽ ʫʪʚʦʨʝʥʥʷ 

ʨʦʟʨʠʚʽʚ ʥʘ ʥʠʭ. ʏʝʨʝʟ ʮʝ ʤʦʞʝ ʩʪʘʪʠʩʷ ʚʠʪʽʢ ʚʦʜʠ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʘ ʡʦʛʦ 

ʚʠʭʽʜ ʽʟ ʣʘʜʫ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʚʝʣʠʢʠʭ ʚʪʨʘʪ.   
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ʈʠʩ. 1.23. ʇɺʉɺ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ɺɽʅʊʉ ɺʋʊ 3000 ʇɺ ɭʉ 

 

ɺ ʪʘʙʣʠʮʽ 1.1 ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʧʣʠʚʥʦ-

ʚʠʪʷʞʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ɺɽʅʊʉ ɺʋʊ 3000 ʇɺ ɭʉ 

 

ʊʘʙʣ. 1.1. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ɺɽʅʊʉ ɺʋʊ 3000 ʇɺ ɭʉ 

 
 

1.6 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

 ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʙʫʚ ʧʨʠʩʚʷʯʝʥʠʡ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʧʽʜʭʦʜʽʚ 

ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʝʥʪʠʣʷʮʽʾ, ʟ ʷʢʦʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʩʝ 

ʨʦʟʛʣʷʥʫʪʝ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʥʘʣʝʞʥʠʤ ʚʠʤʦʛʘʤ. 
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ɼʝʷʢʽ ʘʩʧʝʢʪʠ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʨʽʰʝʥʴ ʽ ʾʭ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ 

ʨʦʟʛʣʷʥʫʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. ʎʽ ʨʽʰʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʙʨʘʥʦʾ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 

1. ʈʦʟʨʦʙʠʪʠ ʧʦʚʥʫ ʜʠʥʘʤʽʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘ ʚʭʦʜʽ ʚʠʪʷʞʥʦʾ 

ʩʠʩʪʝʤʠ. 

2. ʈʦʟʨʘʭʫʚʘʪʠ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʩʭʦʚʠʱʘ. 

3. ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʨʦʙʦʪʠ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʛʨʘʤʥʦ-

ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʫ. 

4. ʈʦʟʨʦʙʠʪʠ ʘʜʘʧʪʠʚʥʫ ʩʠʩʪʝʤʫ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ, ʷʢʘ ʤʦʞʝ ʧʝʨʝʨʘʭʦʚʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

  



37 
 

 
 

2. ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʀʇʃʀɺʅʆ-ɺʀʊʗɾʅʆɰ 

ʉʀʉʊɽʄʀ ɺɽʅʊʀʃʗʎɯɰ ɿ ʈɽʎʀʈʂʋʃʗʎɯɭʖ ɺʋʊ 3000 ʇɺ ɭʉ 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʻ ʙʘʛʘʪʦ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʦʙôʻʢʪʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʜʝ ʨʦʟʙʠʨʘʪʠʩʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʦʙôʻʢʪʦʤ 

ʢʝʨʫʚʘʥʥʷ ʷʢʦʾ ʻ ʩʭʦʚʠʱʝ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɼʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ 

ʚʭʦʜʠʪʴ ʥʘʛʨʽʚʘʯ, ʷʢʠʡ ʥʘʷʚʥʠʡ ʚ ʧʨʠʧʣʠʚʥʦʤʫ ʢʘʥʘʣʽ, ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʷ. ɸ ʪʦʤʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʘʥʘʣʽʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʩʠʩʪʝʤʽ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʘʣʦʨʠʬʝʨʘ ʪʘ ʧʨʠʤʽʱʝʥʥʷ, ʷʢʽ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʨʘʥʽʰʝ ʚ ʨʦʙʦʪʘʭ [3] ʪʘ [4], ʪʦʤʫ ʱʦ ʢʦʥʮʝʧʮʽʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʻ ʦʜʥʘʢʦʚʦʶ, ʘʣʝ ʚ ʢʦʥʪʫʨʽ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʻ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ ʥʘʩʪʫʧʥʠʭ ʧʫʥʢʪʘʭ ʨʦʙʦʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʨʘʥʽ 

ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʥʦʚʠʪʴʩʷ ʩʢʣʘʜʥʽʰʠʤ, ʦʜʥʘʢ ʙʽʣʴʰ ʪʦʯʥʠʤ, ʱʦ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʙʽʣʴʰ ʧʝʨʝʚʘʞʥʦ.  

 

2.1 ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

2.1.1 ɸʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʷʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʅʂɺ 700ʭ400-3 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ ʥʘ ʨʠʩ. 2.1. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʙʫʜʝʤʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ: 

¶ ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʽʜʩʫʪʥʽʡ;  

¶ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʪʨʠ ʜʠʥʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 (ʪʝʧʣʦʥʦʩʽʡ, ʪʝʧʣʦʦʙʤʽʥʥʘ ʧʦʚʝʨʭʥʷ ʪʘ ʧʦʚʽʪʨʷ);  

¶ ʤʘʪʝʨʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʦʚʠʥʥʽ 

 ʙʫʪʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʜʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ.  
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ʈʠʩ. 2.1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʘʣʦʨʠʬʝʨʘ  

 

ʅʘʛʨʽʚʘʶʯʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʚ ʪʨʫʙʢʘʭ ʢʘʣʦʨʠʬʝʨʘ ʻ ʚʦʜʘ ʽʟ ʟʤʽʥʥʦʶ 

ʚʠʪʨʘʪʦʶ ( )WG t, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ ʚʭʦʜʽ ʚ ʢʘʣʦʨʠʬʝʨ ( )0W tq , ʥʘ ʚʠʭʦʜʽ ʟ 

ʥʴʦʛʦ ð  ( )W tq . ɺʦʜʷʥʠʡ ʢʘʣʦʨʠʬʝʨ ʚʤʽʱʘʻ n ʪʨʫʙʦʢ ʟʘʜʘʥʦʾ ʜʦʚʞʠʥʠ H. ɺʦʜʘ 

ʛʨʽʻ ʪʨʫʙʢʠ, ʷʢʽ ʩʣʫʞʘʪʴ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ʚ ʩʝʨʝʜʥʴʦʤʫ ʻ 

ʪʘʢʦʶ ( )M tq . ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʨʫʭʫ ʚʦʜʠ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʧʽʜʭʦʜʠʪʴ 

ʧʦʚʽʪʨʷ ʽʟ ʟʤʽʥʥʦʶ ʚʠʪʨʘʪʦʶ ( )AG t. ɿʘʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʪʘ ʥʘ 

ʚʠʭʦʜʽ ʧʦʚʽʪʨʷ ʽʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʻ, ʚʽʜʧʦʚʽʜʥʦ ( )0A tq  ʽ ( )A tq . ʅʘʷʚʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʢʘʣʦʨʠʬʝʨʘ: L, C, H, ð ʚʽʜʧʦʚʽʜʥʦ, ʛʣʠʙʠʥʘ, ʰʠʨʠʥʘ ʪʘ 

ʚʠʩʦʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʄʘʶʯʽ ʮʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ.  

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ ʪʨʫʙʢʘʭ 

ʢʘʣʦʨʠʬʝʨʘ: 
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( ) ( )0 0 0
W

W W W W W M W W
d

G c F M c
dt
qq q a q q- - - = ,             (2.1) 

ʚ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ Wc ð ʪʝʧʣʦʻʤʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ; 0a ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʤʽʞ ʪʝʧʣʦʥʦʩʽʻʤ ʪʘ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙʦʢ; 0F ð ʧʣʦʱʘ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʚʩʽʭ ʪʨʫʙʦʢ, 0 0F nL dp= , ʜʝ 0d ð ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʦʢ; WM  ð 

ʤʘʩʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʫʩʽʭ ʪʨʫʙʢʘʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, 
2
0

4
W

W
n L dM r p=  , Wr ð ʛʫʩʪʠʥʘ 

ʪʝʧʣʦʥʦʩʽʷ. ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ (2.1) ʪʘ ʡʦʛʦ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʦʪʨʠʤʘʻʤʦ ʡʦʛʦ ʥʘʩʪʫʧʥʠʡ ʚʠʜ: 

0 0 1 2
W

W W W M W
d

T k k k G
dt
q q q qD
+D = D + D + D,             (2.2) 

ʚ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ 0 0 0 1 0; ; ; 1 ;  W W W W
W W W W

W W

c M c GK c G F T k k k
K K

a= + = = = - 

( )0
2

W W W

W

c
k

K
q q-

= . 

 ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ:          

( ) ( )0 0 1 1
M

W M M A M M
dF F M c
dt
qa q q a q q- - - = ,             (2.3) 

ʚ ʨʽʚʥʷʥʥʽ ʚʠʱʝ Mc ð  ʪʝʧʣʦʻʤʢʽʩʪʴ ʤʝʪʘʣʫ; 1a ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʤʽʞ 

ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙ ʪʘ ʧʦʚʽʪʨʷʤ; 1F ð ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʢʘʣʦʨʠʬʝʨʘ; MM  ð ʤʘʩʘ ʤʝʪʘʣʫ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʽʩʣʷ 

ʩʧʨʦʱʝʥʥʷ ʪʘʢʦʛʦ ʨʽʚʥʷʥʥʷ (2.3) ʦʪʨʠʤʘʻʤʦ ʡʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʠʜ: 

3 4
M

M M W A
dT k k
dt
q q q qD +D = D + D,                       (2.4) 

ʚ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ 0 0
0 0 1 1 3 4 3; ; ; 1 .M M

M M
M M

Fc MK F F T k k k
K K

aa a= + = = = - 

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ:         
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( ) ( )0 1 1
A

A A A A M A A A
dG c F M c
dt
qq q a q q- - - = ,             (2.5) 

ʚ ʨʽʚʥʷʥʥʽ ʚʠʱʝ Ac ð ʪʝʧʣʦʻʤʢʽʩʪʴ ʧʦʚʽʪʨʷ; AM  ð ʤʘʩʘ ʧʦʚʽʪʨʷ ʫ ʦʙôʻʤʽ 

HĬLĬC ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.5) ʦʪʨʠʤʘʻʤʦ 

ʡʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʠʜ: 

 5 0 6 7
A

A A A M A
dT k k k G
dt
q q q qD +D = D + D + D,               (2.6)               

ʚ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ 1 1 5 6 5; ; ; 1 .A A A A
A A A A

A A

c M c GK c G F T k k k
K K

a= + = = = - 

( )0
7

A A A

A

c
k

K
q q-

= . 

 ɺʠʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ (2.2), (2.4) ʪʘ (2.6) ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ʜʣʷ ʚʦʜʷʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. 

ʊʦʤʫ ʜʘʥʫ ʤʦʜʝʣʴ ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

0 0 1 2

3 4

5 0 6 7

;

;                      

.     

W
W W W M W

M
M M W A

A
A A A M A

dT k k k G
dt

dT k k
dt
dT k k k G
dt

q q q q

q q q q

q q q q

Dë +D = D + D + Dî
î

Dî +D = D + Dì
î

Dî +D = D + D + Dîí

              (2.7) 

 

2.1.2 ɸʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʥʷ ʩʭʦʚʠʱʘ 

ʑʦʙ ʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʧʨʠʤʽʱʝʥʥʷ ʧʨʦʩʪʽʰʦʶ, ʟʨʦʙʠʤʦ ʩʧʨʦʱʝʥʥʷ ï ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʚʽʜʩʫʪʥʻ ʚʦʣʦʛʦʚʠʜʽʣʝʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʠʤʽʱʝʥʥʷ 

ʩʪʚʦʨʝʥʦ ʟʘ ʩʪʘʪʪʝʶ [4]. 

ʉʭʝʤʘ ʧʨʠʤʽʱʝʥʥʷ ʟ ʚʭʽʜʥʠʤʠ ʽ ʚʠʭʽʜʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.2. ʇʨʠʤʽʱʝʥʥʷ ʤʘʻ ʦʙôʻʤ AV HLC= . ɯʟ ʩʠʩʪʝʤʠ 

ʚʝʥʪʠʣʷʮʽʾ ʥʘʜʭʦʜʠʪʴ ʧʦʚʽʪʨʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ()0A tq , ʟ ʚʠʪʨʘʪʦʶ ()AG t. ʋ 

ʢʽʤʥʘʪʽ ʥʘʷʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʦʙʣʘʜʥʘʥʥʷʤ ʟ ʧʦʪʫʞʥʽʩʪʶ EN ʪʘ ʩʪʽʥʘʤʠ ʟ 



41 
 

 
 

ʪʝʤʧʝʨʘʪʫʨʦʶ Sq. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ()A tq . ʊʝʤʧʝʨʘʪʫʨʘ ʟʟʦʚʥʽ 

ʩʪʘʥʦʚʠʪʴ ()N tq . 

 

ʈʠʩ. 2.2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʠʤʽʱʝʥʥʷ 

 

ʉʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʘʪʝʨʽʘʣʴʥʠʭ ʙʘʣʘʥʩʽʚ ʜʣʷ ʧʨʠʤʽʱʝʥʥʷ: 

( ) ( )

( ) ( )

0 0 0

0 0 1 1

;  
  

;

A
A A A A A S E A A

S
A S S N S S

dG c F N c M
dt

dF F c M
dt

qq q a q q

qa q q a q q

ë - - - + =îî
ì
î - - - =
îí

          (2.8-2.9) 

ʜʝ Ac ʪʘ Sc ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʪʘ ʩʪʽʥ, 0a ʪʘ 1a ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ( ʤʽʞ ʧʦʚʽʪʨʷʤ ʪʘ ʩʪʽʥʘʤʠ) ʽ ʟʟʦʚʥʽ (ʤʽʞ ʩʪʽʥʘʤʠ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ 

ʧʦʚʽʪʨʷʤ), AM  ʤʘʩʘ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʦʙôʻʤʦʤ AV, SM  ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥ. 

ʈʽʚʥʷʥʥʷ (2.8) ʪʘ ʨʽʚʥʷʥʥʷ (2.9) ʻ ʨʽʚʥʷʥʥʷʤʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʦʚʽʪʨʷ 

ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʩʪʽʥ. 

ɿʛʨʫʧʫʻʤʦ ʧʦʜʽʙʥʽ ʪʘ ʣʽʥʝʘʨʠʟʫʻʤʦ ʨʽʚʥʷʥʥʷ (2.8) ʽ (2.9) ʦʪʨʠʤʘʻʤʦ: 

0 0 1 2 3

4 5

; 

;

A
A A A A S E

S
S S A N

dT k k G k k N
dt

dT k k
dt

q q q q

q q q q

ë +D = + + +îî
ì
î +D =
î

D D

D +

D

í

D

D
                      (2.10) 
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ʜʝ 0 0A A AK c G Fa= + , 0 0 1 1SK F Fa a= + , A A
A

A

c MT
K
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k
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= , 0 0
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S
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K
a= , 5 41k k= -. 

 

2.1.3 ɸʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ  

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʚʥʘ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʩʫʤʽʩʥʫ ʤʦʜʝʣʴ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʽʟ 

ʩʭʦʚʠʱʝʤ ʨʘʟʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʢʘʤʝʨʫ ʨʝʮʠʨʢʫʣʷʮʽʾ. 

ʅʘ ʨʠʩ. 2.3 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ 

(ʇɺʉɺ) ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʤʦʜʝʣʴ ʇɺʉɺ 

ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʚʞʝ ʨʦʟʛʣʷʥʫʪʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʽ ʧʨʠʤʽʱʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʚ ʧ. 2.1.1 ʪʘ ʧ. 2.1.2. ʪʘ 

ʜʦʜʘʡʤʦ ʜʦ ʥʠʭ ʢʘʤʝʨʫ ʟʤʽʰʫʚʘʥʥʷ. ɺʠʭʦʜʠʪʴ, ʱʦ ʚʠʪʷʞʥʝ ʧʦʚʽʪʨʷ ʟ 

ʧʨʠʤʽʱʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʘʤʝʨʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʝʮʠʨʢʫʣʷʮʽʾ ʂ. 
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ʈʠʩ. 2.3. ʉʭʝʤʘ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ɿʛʽʜʥʦ ʨʠʩ. 2.3, ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʧʦʚʥʠʣʘʩʷ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʘʤʠ ʪʘ ʢʘʤʝʨʦʶ ʟʤʽʰʫʚʘʥʥʷ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ 

ʤʦʜʝʣʽ ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʤʦʜʝʣʽ ʇɺʉɺ. 

ɺʨʘʭʦʚʫʶʯʠ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʢʘʤʝʨʽ ʨʝʮʠʨʢʫʣʷʮʽʾ, 

ʚʚʘʞʘʪʠʤʝʤʦ ʾʾ ʙʝʟʽʥʝʨʮʽʡʥʦʶ ʣʘʥʢʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʣʝʞʥʦʩʪʽ 

( )1 0 31A A AK Kq q qD = - D + D,      (2.11) 

ʜʝ K ï ʢʦʝʬʽʮʽʻʥʪ ʨʝʮʠʨʢʫʣʷʮʽʾ, K ʻ [0é1]. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ, ʚʚʝʜʝʤʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʦʚʽʪʨʦʧʨʦʚʦʜʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʦʶ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ 

  ( )
( )

3 2

5 4

A A

A A

t
t

q q t
q q t
ë = -î
ì = -îí

                                                                 (2.12) 

ʈʽʚʥʷʥʥʷ (2.7), (2.10), (2.11), (2.12) ʚʽʜʦʙʨʘʞʫʶʪʴ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ 

ʦʙʨʦʙʢʠ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʩʠʩʪʝʤʦʶ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʷʢʽ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ: 

                 

(2.13) 
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ɼʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ (2.13) ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʻʶ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. ʂʦʝʬʽʮʽʻʥʪ ʨʝʮʠʨʢʫʣʷʮʽʾ ʂ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʧʨʠ ʥʘʣʘʛʦʜʞʝʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB Simulink, ʦʪʨʠʤʘʥʦʾ ʩʠʩʪʝʤʠ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (2.13), ʧʨʠʚʝʜʝʤʦ ʾʾ ʜʦ ʚʠʛʣʷʜʫ (2.14). 

        

(2.14) 

ʇʨʦʤʦʜʝʣʶʻʤʦ ʩʬʦʨʤʦʚʘʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ (2.14), ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ 4AqD  (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ 

ʧʨʠʤʽʱʝʥʥʷ), ʟʘ ʜʦʧʦʤʦʛʦʶ MATLAB Simulink, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʩʭʝʤʫ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ. 2.4. 



45 
 

 
 

 

ʈʠʩ. 2.4 ʉʭʝʤʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ Simulink 

 

 ʅʘ ʨʠʩ. 2.4, ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, 

ʷʢʘ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.14).  

ɺʢʘʟʘʥʘ ʩʭʝʤʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘʣʝʞʥʦʩʪʽ 

ʚʠʭʽʜʥʦʛʦ ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʚʽʜ ʽʥʰʠʭ ʟʙʫʨʶʶʯʠʭ/ʨʝʛʫʣʶʶʯʠʭ ʚʧʣʠʚʽʚ. 

ʇʦʢʘʟʘʥʘ ʩʭʝʤʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʨʦʟʛʣʷʜʘʪʠʩʷ ʫ ʥʘʩʪʫʧʥʠʭ 

ʧʽʜʨʦʟʜʽʣʘʭ. 

 

2.2 ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʇɺʉɺ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʟʛʽʜʥʦ ʧʫʥʢʪʫ 2.1.3, ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʪʦʙʪʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʇɺʉɺ ʚ 

ʷʢʽʡ ʥʘʷʚʥʠʡ ʧʦʚʽʪʨʷʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟ ʚʦʜʷʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ, ʪʦʤʫ ʜʣʷ 

ʘʜʘʧʪʘʮʽʾ ʮʽʻʾ ʤʦʜʝʣʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ, ʨʦʟʛʣʷʥʝʤʦ 

ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʘʣʦʨʠʬʝʨʘ ʅʂɺ 700ʭ400-3 ʪʘ ʧʘʨʘʤʝʪʨʠ ʧʨʠʤʽʱʝʥʥʷ, ʷʢʽ 

ʥʘʚʝʜʝʥʽ ʚ  ʪʘʙʣ. 2.1 ʪʘ ʪʘʙʣ. 2.2. 
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ʄʘʶʯʠ ʚʠʚʝʜʝʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ (2.24) ʧʨʦʚʝʜʝʤʦ ʦʙʯʠʩʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʥʦʾ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. ʉʢʦʨʠʩʪʫʻʤʦʩʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ MATLAB. ɿʘ 

ʜʦʧʦʤʦʛʦʶ MATLAB ʚ .mlx ʬʘʡʣʽ ʟʘʧʠʰʝʤʦ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʥʽ, ʷʢʽ ʥʘʚʝʜʝʥʽ 

ʥʠʞʯʝ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʦʙʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʟʘ 

ʢʘʥʘʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ, ʪʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʘʻʤʦ 

ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʇɺʉɺ ʟ ʯʠʩʝʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʜʘʥʽʡ ʩʠʩʪʝʤʽ. 

 

 

 

 

ʊʘʙʣ. 2.1. ʊʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʅʂɺ 700ʭ400-3 
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ʊʘʙʣʠʮʷ 2.2. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʤʽʱʝʥʥʷ 

 

 ɿʘ ʜʦʧʦʤʦʛʦʶ MATLAB ʚ .mlx ʬʘʡʣʽ ʨʦʟʨʘʭʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʥʘʤʽʯʥʦʾ 

ʤʦʜʝʣʽ: 
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K = 0.1; 
% ʧʘʨʘʤʝʪʨʠ ʢʘʣʦʨʠʬʝʨʘ 
Gw_k = 2; 
po_k = 986; 
cw_k = 4185; 
Mw_k = 27.9; 
F0_k = 9.9; 
alpha0_k = 770; 
pom_k = 3400; 
cm_k = 867; 
Mm_k = 32; 
F1_k = 412; 
alpha1_k = 90; 
Ga_k = 16.5; 
poa_k = 1.21; 
ca_k = 1010; 
Ma_k = 4.7; 
TETAw0_k = 55; 
TETAw_k = 35; 
TETAa0_k = 0; 
TETAa_k = 17.3; 
% ʧʘʨʘʤʝʪʨʠ ʧʨʠʤʽʱʝʥʥʷ 
pa_p = 1.2; 
Va_p = 1200; 
Ga_p = 10.18; 
ca_p = 1010; 
Ma_p = 1500; 
F0_p = 480; 
alpha0_p = 8.7; 
pos_p = 1800; 
cs_p = 920; 
Ms_p = 290300; 
F1_p = 530; 
alpha1_p = 24; 
TETAa0_p = 17.3; 
TETAa_p = 17; 
% ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ 
Kw = cw_k*Gw_k+alpha0_k*F0_k; 
Km = alpha0_k*F0_k+alpha1_k*F1_k; 
Ks = alpha0_p*F0_p+alpha1_p*F1_p; 
Ka = ca_k*Ga_k+alpha1_k*F1_k; 
Ka_p = ca_p*Ga_p+alpha0_p*F0_p; 
Ks_p = alpha0_p*F0_p+alpha1_p*F1_p; 
Tw = (cw_k*Mw_k)/(Kw); 
Tm = (cm_k*Mm_k)/(Km); 
Ta = (ca_k*Ma_k)/(Ka); 
Ta1 = (ca_p*Ma_p)/(Ka_p); 
Ts = (cs_p*Ms_p)/(Ks_p); 
Td_p = (Va_p)/(Ga_p); 
k0 = (cw_k*Gw_k)/(Kw); 
k1 = 1-k0; 
k2 = (cw_k*(TETAw0_k-TETAw_k))/(Kw); 
k3 = (alpha0_k*F0_k)/(Km); 
k4 = 1-k3; 
k5 = (ca_k*Ga_k)/(Ka); 
k6 = 1-k5; 
k7 = (ca_k*(TETAa0_k-TETAa_k))/(Ka); 
k8 = (ca_p*Ga_p)/(Ka_p); 
k9 = (TETAa0_p-TETAa_p)/(Ka_p); 
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k10 = (alpha0_p*F0_p)/(Ka_p); 
k11 = 1/(Ka_p); 
k12 = (alpha0_p*F0_p)/(Ks_p); 
k13 = 1-k12; 

ʆʙʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʾʭ ʥʘ ʩʭʝʤʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.4. ɼʦʧʦʚʥʶʶʯʠ ʤʦʜʝʣʴ ʧʝʨʝʜʘʪʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʢʘʥʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ.  

 

2.3 ʉʠʥʪʝʟ ʨʦʟʰʠʨʝʥʦʾ ʤʦʜʝʣʽ ʇɺʉɺ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʥʫ ʨʦʟʰʠʨʝʥʫ ʤʦʜʝʣʴ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ, ʚ ʷʢʽʡ 

ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʝʨʮʽʡʥʽʩʪʴ ʜʘʪʯʠʢʽʚ, ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩ ʨʝʘʛʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽ 

ʥʠʤʠ ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʧʦʚʥʫ ʨʦʟʰʠʨʝʥʫ ʘʥʘʣʽʪʠʯʥʫ 

ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ. ʈʦʟʰʠʨʝʥʘ ʤʦʜʝʣʴ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʜʷʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, 

ʩʭʦʚʠʱʘ ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʚʤʽʱʫʻ ʚ ʩʝʙʝ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ 

NTC10k, ʽ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ Belimo NR24A-SR, ʷʢʽ ʤʘʶʪʴ ʩʚʽʡ ʯʘʩ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʠ ʚ ʩʠʩʪʝʤʽ, ʪʦʤʫ ʾʭ ʪʘʢʦʞ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʟʘʛʘʣʴʥʫ 

ʤʦʜʝʣʴ. ʊʘʢʦʞ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʢʦʥʪʫʨ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʧʦʨʷʜ ʟ 

ʧʨʠʤʽʱʝʥʥʷʤʠ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ, ʘ ʥʘ ʚʽʜʩʪʘʥʽ 15 ʤʝʪʨʽʚ ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ ʨʽʚʥʦʶ 3 ʤ/ʩ. ʊʦʤʫ ʜʣʷ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚʚʝʜʝʤʦ ʪʨʘʥʩʧʦʨʪʥʝ 

ʟʘʧʽʟʥʝʥʥʷ 5t= , ʘ ʩʘʤʘ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

 () ( )5                                                    2.15p
ʊʈW p e-=  

 ɼʣʷ ʢʘʥʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩ ʨʝʘʛʫʚʘʥʥʷ ʩʢʣʘʜʘʻ 60 ʩʝʢʫʥʜ, 

ʘ ʧʝʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽʻʶ ʻ ʘʧʝʨʽʦʜʠʯʥʘ ʣʘʥʢʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽ ʙʝʟ ʟʘʧʽʟʥʝʥʥʷ. 

ʊʦʤʫ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʜʣʷ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʚʠʛʣʷʜ: 

 ( ) ( )1                                                     2.16
40 1ɼʊW p
p

=
+

 

 ɼʣʷ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʯʘʩ ʧʦʚʥʦʛʦ ʭʦʜʫ ʩʢʣʘʜʘʻ 90 ʩʝʢʫʥʜ, ʘ 

ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʘʧʝʨʽʦʜʠʯʥʫ ʣʘʥʢʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽ ʙʝʟ 
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ʟʘʧʽʟʥʝʥʥʷ. ʆʪʞʝ, ʜʣʷ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʙʫʜʝ ʤʘʪʠ 

ʚʠʛʣʷʜ: 

 ( ) ( )1                                                     2.17
30 1ɺʄW p
p

=
+

 

  ʊʝʧʝʨ ʟʥʘʡʜʝʤʦ ʨʦʟʰʠʨʝʥʽ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘ ʢʘʥʘʣʘʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ/ʟʙʫʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʨʠʩ. 2.4), ʚʨʘʭʦʚʫʶʯʠ 

ʚʩʽ ʜʦʜʘʪʢʦʚʽ ʚʧʣʠʚʠ ʥʘ ʩʠʩʪʝʤʫ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʝʮʠʨʢʫʣʷʮʽʾ. ʅʘ ʨʠʩ. 

2.5-2.7 ʟʦʙʨʘʞʝʥʽ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ 

ʟʙʫʨʝʥʥʷ. 

 

ʈʠʩ. 2.5. ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʫ ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʘ 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1Áʉ 
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ʈʠʩ. 2.6. ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʫ ʟʘ ʢʘʥʘʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʤʽʥʘ 

ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʨʫʙʢʘʭ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʥʘ 1 ʢʛ/ʩʝʢ 

 

 

ʈʠʩ. 2.7. ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʫ ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʦʙʽʪʥʠʢʽʚ ʥʘ 1 ʢɺʪ 
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2.4 ɸʧʨʦʢʩʠʤʘʮʽʷ ʨʦʟʛʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʇɺʉɺ 

ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʪʨʝʙʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʦʟʛʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʨʠʤʘʥʽ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ (ʨʠʩ. 2.5-2.6), ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ/ʟʙʫʨʝʥʥʷ. ɺ ʮʴʦʤʫ ʧʠʪʘʥʥʽ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ 

ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʡʦʛʦ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ 

ʤʝʪʦʜʫ, ʷʢʠʡ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʫ [9]. ɿʘ ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʢʦʝʬʽʮʽʻʥʪʠ 

ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʣʘʥʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʽʟ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʪʦʯʦʢ, ʘ ʩʘʤʝ    A Btʽ t, ʜʣʷ ʮʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ 

ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʥʽ ʾʤ 

ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ    A Bʽj j. ɺʣʘʩʥʝ ʯʘʩ    A Btʽ t ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ, ʱʦ  

( ) ( )0.3 0.4 ,  0.6 0.7A Bʘj j j j¤ ¤= - = - .  

ɼʘʥʠʡ ʤʝʪʦʜ ʜʘʻ ʜʦʩʠʪʴ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʘʣʝ ʚʽʥ ʻ ʜʦʚʦʣʽ ʥʝʟʨʫʯʥʠʤ ʫ 

ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʪʫʨʘʣʴʥʠʭ ʣʦʛʘʨʠʬʤʽʚ ʧʝʚʥʠʭ ʚʝʣʠʯʠʥ, ʪʦʤʫ ʮʝʡ ʤʝʪʦʜ ʤʦʞʥʘ 

ʤʦʜʠʬʽʢʫʚʘʪʠ, ʱʦʙ ʥʝ ʙʫʣʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʧʦʪʦʯʥʠʭ 

ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ. ʄʦʜʠʬʽʢʘʮʽʷ ʟʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʜʣʷ    A Bʽj j ʜʘʶʪʴʩʷ 

ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ( ) ( )0.33 ,  0.7A Bʘj j j j¤ ¤= = . ʊʝʧʝʨ ʤʦʞʝʤʦ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʟʥʘʡʜʝʥʽ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʢʘʥʘʣʘʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ/ʟʙʫʨʝʥʥʷ: 

ʈʦʟʛʣʷʥʝʤʦ ʢʘʥʘʣ ʧʦ ʟʙʫʨʝʥʥʶ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʩʪʝʤʠ, ʟʘ 

ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ. ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʦʪʨʠʤʫʻʪʴʩʷ ʧʦ 

ʟʥʘʯʝʥʥʶ, ʥʘ ʷʢʝ ʚʠʭʦʜʠʪʴ ʦʙôʻʢʪ, ʪʦʙʪʦ ʮʷ ʚʝʣʠʯʠʥʘ ʜʦʨʽʚʥʶʻ: 0.573K= . 

ɿʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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( )1.25B AT t t= - , ʜʝ    A Btʽ t ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ 

( ) ( )0.33 ,  0.7A Bʽj j j j¤ ¤= = . ʊʦʙʪʦ 92.917,  198.88A Bt ʘt= = . ɿ ʮʴʦʛʦ ʦʪʨʠʤʫʻʤʦ 

ʢʦʝʬʽʮʽʻʥʪ, ʩʪʘʣʫ ʯʘʩʫ 132.45T=  ʩʝʢʫʥʜ.  

ɿʥʘʯʝʥʥʷ ʟʘʧʽʟʥʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

( )0.5 3A Bt tt= - , ʟ ʮʽʻʾ ʬʦʨʤʫʣʠ ʚʠʭʦʜʠʪʴ, ʱʦ ʟʘʧʽʟʥʝʥʥʷ  39.94t= . 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʚ ʘʧʝʨʽʦʜʠʯʥʫ ʣʘʥʢʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʦʪʨʠʤʫʻʤʦ 

ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ (2.18). ʇʦʙʫʜʫʚʘʚʰʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ɸʇ-ʣʘʥʢʠ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Simulink, ʦʪʨʠʤʘʻʤʦ ʘʧʨʦʢʩʠʤʦʚʘʥʫ 

ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙôʻʢʪʘ ʥʘ ʨʠʩ. 2.10. 

 ( )( ) ( )39.94
. . . 0.1

0.573                           2.18
132.45 1

p
ʟʙ ʟʦʚʥʪʝʤʧ ʂW p e

p
-

= =
+

 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʜʣʷ ʇʍ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 2.5, ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʫ ʪʘʙʣʠʮʶ 2.3: 

ʊʘʙʣ. 2.3. ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ɸʇ-ʣʘʥʦʢ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ ʚʠʭʽʜ  

ɺʘʨʽʘʮʽʷ ʨʝʮʂ   0.1ʨʝʮʂ =   0.25ʨʝʮʂ =   0.5ʨʝʮʂ =   0.75ʨʝʮʂ =   0.95ʨʝʮʂ =  

 K 0.573 0.528 0.44 0.304 0.094 

 At 92.917 99.88 118.3 154.51 223.8 

 Bt 198.88 220.2 281.45 416.5 621.25 

 T 132.45 150.4 203.94 327.49 496.81 

 t 39.94 39.72 36.725 23.515 25.075 

ɸʥʘʣʦʛʽʯʥʦ, ʧʽʜʩʪʘʚʠʚʰʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʚ ɸʇ-ʣʘʥʢʫ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʻʤʦ ʧʝʨʝʜʘʪʦʯʥʽ ʬʫʥʢʮʽʾ (2.19-2.22). 
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 ( )( ) ( )39.72
. . . 0.25

0.528                           2.19
150.4 1

p
ʟʙ ʟʦʚʥ ʪʝʤʧ ʂW p e

p
-

= =
+

 

 ( )( ) ( )36.725
. . . 0.5

0.44                           2.20
203.94 1

p
ʟʙ ʟʦʚʥʪʝʤʧ ʂW p e

p
-

= =
+

 

 ( )( ) ( )23.515
. . . 0.75

0.304                           2.21
327.49 1

p
ʟʙ ʟʦʚʥ ʪʝʤʧ ʂW p e

p
-

= =
+

 

 ( )( ) ( )25.075
. . . 0.95

0.094                           2.22
496.81 1

p
ʟʙ ʟʦʚʥ ʪʝʤʧ ʂW p e

p
-

= =
+

 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʜʣʷ ʇʍ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 2.6, ʟʘ ʢʘʥʘʣʦʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜ, ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʫ 

ʪʘʙʣʠʮʶ 2.4: 

ʊʘʙʣ. 2.4. ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ɸʇ-ʣʘʥʦʢ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʢʘʥʘʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜ  

ɺʘʨʽʘʮʽʷ ʨʝʮʂ   0.1ʨʝʮʂ =   0.25ʨʝʮʂ =   0.5ʨʝʮʂ =   0.75ʨʝʮʂ =   0.95ʨʝʮʂ =  

 K 1.346 1.483 1.798 2.276 2.876 

 At 129.44 136.347 152.078 175.527 204.71 

 Bt 235.48 254.91 300.37 370.8 458.1 

 T 132.55 148.2 185.37 244.09 316.74 

 t 76.42 77.07 77.93 77.89 78.02 

ɸʥʘʣʦʛʽʯʥʦ, ʧʽʜʩʪʘʚʠʚʰʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʚ ɸʇ-ʣʘʥʢʫ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʻʤʦ ʧʝʨʝʜʘʪʦʯʥʽ ʬʫʥʢʮʽʾ (2.23-2.27). 

 ( )( ) ( )76.42
. . . 0.1

1.346                           2.23
132.55 1

p
ʨʝʛ ʚʠʪʨ ʪʝʧʣ ʂW p e

p
-

= =
+

 

 ( )( ) ( )77.07
. . . 0.25

1.483                           2.24
148.2 1

p
ʨʝʛ ʚʠʪʨ ʪʝʧʣ ʂW p e

p
-

= =
+
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 ( )( ) ( )77.93
. . . 0.5

1.798                           2.25
185.37 1

p
ʨʝʛ ʚʠʪʨʪʝʧʣ ʂW p e

p
-

= =
+

 

 ( )( ) ( )77.89
. . . 0.75

2.276                           2.26
244.09 1

p
ʨʝʛ ʚʠʪʨ ʪʝʧʣ ʂW p e

p
-

= =
+

 

 ( )( ) ( )78.02
. . . 0.95

2.876                           2.27
316.74 1

p
ʨʝʛ ʚʠʪʨ ʪʝʧʣ ʂW p e

p
-

= =
+

 

 

ʈʠʩ. 2.10. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.5) ʽʟ 

ʘʧʨʦʢʩʠʤʦʚʘʥʦʶ ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1Áʉ 

ʧʨʠ 0.1ʨʝʮʂ =  

 

ɿʘ ʨʠʩʫʥʢʦʤ 2.10 ʚʠʜʥʦ, ʱʦ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʻ ʘʧʝʨʽʦʜʠʯʥʦʶ 

ʣʘʥʢʦʶ ʟ ʟʘʧʽʟʥʝʥʥʷʤ ʪʘ ʚ ʙʽʣʴʰʦʩʪʽ ʧʦʚʪʦʨʶʻ ʦʪʨʠʤʘʥʫ, ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ, 

ʨʦʟʰʠʨʝʥʫ ʨʦʟʛʽʥʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ɺʠʢʦʥʘʻʤʦ ʘʥʘʣʦʛʽʯʥʽ ʜʽʾ ʧʨʠ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʇʇ, ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ/ʟʙʫʨʝʥʥʷ, ʚʘʨʽʶʶʯʠ ʢʦʝʬʽʮʽʻʥʪ 

ʨʝʮʠʨʢʫʣʷʮʽʾ. 
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ʈʠʩ. 2.11. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.5) 

ʽʟ ʘʧʨʦʢʩʠʤʦʚʘʥʦʶ ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

1Áʉ ʧʨʠ 0.95ʨʝʮʂ =  
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ʈʠʩ. 2.12. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.6) ʽʟ 

ʘʧʨʦʢʩʠʤʦʚʘʥʦʶ ʟʘ ʢʘʥʘʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʤʽʥʘ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʨʫʙʢʘʭ 

ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʥʘ 1 ʢʛ/ʩʝʢ ʧʨʠ 0.1ʨʝʮʂ =  

 

ʈʠʩ. 2.13. ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.6) 

ʽʟ ʘʧʨʦʢʩʠʤʦʚʘʥʦʶ ʟʘ ʢʘʥʘʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʤʽʥʘ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʪʨʫʙʢʘʭ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʥʘ 1 ʢʛ/ʩʝʢ ʧʨʠ 0.95ʨʝʮʂ =  
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3. ʈʆɿʈɸʍʋʅʆʂ ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʆʖ 

ʇʆɺɯʊʈʗ ɼʃʗ ʇʈʀʇʃʀɺʅʆ-ɺʀʊʗɾʅʆɰ ʉʀʉʊɽʄʀ ɺɽʅʊʀʃʗʎɯɰ ɿ 

ʈɽʎʀʈʂʋʃʗʎɯɭʖ 

3.1 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʇʦʩʠʣʘʶʯʠʩʴ ʜʦ ʧʫʥʢʪʫ 2.4, ʟʚʝʨʪʘʻʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ 

ʚ ʩʠʩʪʝʤʽ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ/ʟʙʫʨʝʥʥʷ ʜʦʚʦʣʽ 

ʰʚʠʜʢʽ, ʪʦʤʫ ʜʣʷ ʪʘʢʦʛʦ ʦʙôʻʢʪʫ ʧʨʠʡʥʷʪʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʦʜʥʦʢʦʥʪʫʨʥʦʶ 

ʩʠʩʪʝʤʦʶ ʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʧʨʠʤʽʱʝʥʥʷ, ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ/ʟʙʫʨʝʥʥʷ 

ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ ʥʘ ʨʠʩ. 3.1. 

 

ʈʠʩ. 3.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ 

ʧʨʠʤʽʱʝʥʥʷ 

 

ʏʝʨʝʟ ʪʝ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ ʚʠʤʘʛʘʻ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ, ʥʽʞ ʟʤʽʥʠ ʟʘʚʜʘʥʥʷ, ʣʦʛʽʯʥʽʰʝ ʙʫʣʦ ʙ ʨʦʟʛʣʷʥʫʪʠ ʩʭʝʤʫ 

ʢʘʥʘʣʫ ʟʙʫʨʝʥʥʷ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʇʌ, ʟʘ ʢʘʥʘʣʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ-ʟʙʫʨʝʥʥʷ 

(2.18-2.22) ʪʘ (2.23-2.27), ʟ ʧʫʥʢʪʫ 2.4 ʦʪʨʠʤʫʻʤʦ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʟʘʤʢʥʫʪʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʨʝʛʫʣʶʻ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʠʭʦʜʽ ʧʨʠʤʽʱʝʥʥʷ: 

 ( ) ( )
( ) ( ) ( )                                        3.1ʟʙ

ʨʝʛ

ʆɹ
ɿʉ

ʆɹ p

W p
W p

W p W p
=  



60 
 

 
 

ʜʝ () ʆɹW p-ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ,  () pW p-ʧʝʨʝʜʘʪʥʘ 

ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʫ. 

 

3.2 ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʇɺʉɺ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʜʝʙʽʣʴʰʦʛʦ ʥʝʦʙʭʽʜʥʦ ʰʫʢʘʪʠ ʧʝʨʽʦʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 0T. ʅʘʩʘʤʧʝʨʝʜ ʧʦʪʨʽʙʥʦ 

ʟʥʘʡʪʠ ʤʽʥʽʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʟʨw , ʧʨʠ ʷʢʽʡ ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ 

ʽʟ ʟʘʜʘʥʦʶ ʧʦʭʠʙʢʦʶ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʫʣʷʪʦʨʘ ʟʛʽʜʥʦ 

ʟ ʤʝʪʦʜʠʢʦʶ ʥʝʧʝʨʝʨʚʥʦʾ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʪʦʛʦ, ʱʦʙ ʯʘʩ 1 ʮʠʢʣʫ ʚ 

ʇʃʂ ʙʫʚ ʤʝʥʰʠʤ, ʥʽʞ ʯʘʩ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʤʠ ʂʦʪʝʣʴʥʠʢʦʚʘ-

ʐʝʥʥʦʥʘ, ʷʢʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘ ʧʦʩʠʣʘʥʥʷʤ [10], ʽ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʝʧʝʨʝʨʚʥʠʡ 

ʩʠʛʥʘʣ ʤʘʻ ʩʧʝʢʪʨ ʚ ʛʨʘʥʠʮʷʭ , ʟʨw w< ʪʦʤʫ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʽʟ ʯʘʩʪʦʪʦʶ 

2 ,ʟʨw w>  ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ 

ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ʮʽʣʢʦʤ ʧʦʢʘʟʫʻ ʡʦʛʦ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʽʦʜʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʙʫʜʫʻʤʦ ɸʏʍ ʦʙôʻʢʪʘ ʟʘ ʬʦʨʤʫʣʦʶ (2.18), ʘ ʪʘʢʦʞ ʟʥʘʡʜʝʤʦ ʟʘ 

ʥʝʶ ʯʘʩʪʦʪʫ ʟʨʽʟʫ ʟʨw , ʜʣʷ ʮʴʦʛʦ ʟʘʧʠʰʝʤʦ ʥʝʦʙʭʽʜʥʠʡ ʢʦʜ ʚ .mlx-ʬʘʡʣ, 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ MATLAB:  

w = 0:0.00001:0.3; 
W = (0.573.*(exp(-39.94.*w)))./(132.45.*w+1); 
figure; %ɸʏʍ 
Aw = sqrt(real(W).^(2)+imag(W).^(2)); 
plot(w, Aw, 'black', 'linew', 2); 
grid on; 
hold on; 
title('ɸʏʍ'); 
xlabel('w'); 
ylabel('A(w)'); 
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ʈʠʩ. 3.2. ɸʏʍ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ 

 

 ʇʝʨʽʦʜ ʢʚʘʥʪʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ( )0
ʟʨ

                                                        3.2
2

T p
w

=  

ʜʝ, ʯʘʩʪʦʪʘ ʟʨʽʟʫ, ʟʘ ʨʠʩ. 3.2, ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ  

( ) ( )ʟʨ 0.02Aw w= . ʊʦʙʪʦ ʟʨ 0.19w = . ʇʽʜʩʪʘʚʠʚʰʠ ʦʪʨʠʤʘʥʫ ʯʘʩʪʦʪʫ ʚ ʬʦʨʤʫʣʫ 

(3.2) ʦʪʨʠʤʘʻʤʦ ʧʦʪʨʽʙʥʠʡ ʯʘʩ ʜʠʩʢʨʝʪʠʟʘʮʽʾ: 

 ( )0
ʟʨ

8.27 ʩʝʢ                                         3.3
2 2 0.19

T p p
w

= = =
³

 

ʆʙʨʘʥʠʡ, ʚ ʩʠʩʪʝʤʽ, ʢʦʥʪʨʦʣʝʨ, EVCO c-pro 3 kilo+, ʤʘʻ ʧʝʨʽʦʜ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʠʡ 0 0.1 T ʩʝʢ= , ʱʦ ʻ ʟʥʘʯʥʦ ʤʝʥʰʝ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʯʘʩʫ, ʪʦʙʪʦ 

ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʷʢ ʟʘ ʥʝʧʝʨʝʨʚʥʠʤʠ ʪʘʢ ʽ ʟʘ ʜʠʩʢʨʝʪʥʠʤʠ 

ʟʘʢʦʥʘʤʠ. 
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3.3 ɺʠʙʽʨ ʤʝʪʦʜʫ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ 

ɺ ʧʫʥʢʪʽ 3.1 ʚʢʘʟʫʚʘʣʦʩʷ, ʱʦ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʯʘʩʪʽʰʝ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʟʙʫʨʝʥʥʷ, ʥʽʞ ʟʘʚʜʘʥʥʷ, ʪʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ, ʚ ʩʠʩʪʝʤʽ, ʧʦʚʠʥʥʽ 

ʥʘʧʨʘʚʣʷʪʠʩʷ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʘʙʩʦʣʶʪʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʷʢʦʩʪʽ. ɼʣʷ ʩʠʩʪʝʤʠ ʙʫʚ ʦʙʨʘʥʠʡ ʇɯ-ʨʝʛʫʣʷʪʦʨ, ʪʘʢ ʷʢ ʚʽʥ, ʧʨʠ ʡʦʛʦ ʢʦʨʝʢʪʥʦʤʫ 

ʥʘʣʘʰʪʫʚʘʥʥʽ ʟʥʘʯʥʦ ʰʚʠʜʰʝ ʢʦʤʧʝʥʩʫʻ ʟʙʫʨʝʥʥʷ ʥʽʞ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ, ʟʘ 

ʨʘʭʫʥʦʢ ʯʦʛʦ ʜʦʩʷʛʘʶʪʴʩʷ ʣʽʧʰʽ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ 

ʧʨʦʚʦʜʠʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʫ (minimum IAE ï Haalman). ɼʣʷ 

ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʙʫʚ ʦʙʨʘʥʠʡ ʤʝʪʦʜ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʷʢʠʡ ʻ ʜʦʩʪʫʧʥʠʡ ʟʘ 

ʧʦʩʠʣʘʥʥʷʤ [12]. 

ʆʙʨʘʥʠʡ ʝʢʩʧʨʝʩ-ʤʝʪʦʜ (minimum IAE ï Haalman) ʜʣʷ ʘʥʘʣʦʛʦʚʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʇʇ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʽʥʪʝʛʨʘʣʴʥʠʤ ʣʽʥʽʡʥʦ-

ʘʙʩʦʣʶʪʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ, ʷʢʠʡ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʝʨʝʚʘʞʥʦ, ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ 

ʟʙʫʨʝʥʴ.  

ʆʙʨʘʥʠʡ ʝʢʩʧʨʝʩ-ʤʝʪʦʜ ʜʣʷ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʥʘʧʨʘʚʣʝʥʠʡ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʣʽʥʽʡʥʦ-ʘʙʩʦʣʶʪʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʷʢʦʩʪʽ ʪʘ ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ɸʉʂ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʚʽʜʭʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʘʜʘʥʦʛʦ, ʪʦʤʫ ʚʽʥ ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʫʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʜʣʷ ʘʥʘʣʦʛʦʚʦʾ ʪʘ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʽʟ ʚʘʨʽʘʮʽʻʶ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʣʷ ʷʢʦʛʦ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ 

ʘʜʘʧʪʘʮʽʷ ʩʠʩʪʝʤʠ. 
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3.4 ʈʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʚ ʇɺʉɺ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

3.4.1 ʈʦʟʨʘʭʫʥʦʢ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ  

ɼʣʷ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʟʘʜʘʻʤʦ ʯʘʩ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 12 ʩʝʢʫʥʜʘʤ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʇɯ-

ʨʝʛʫʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʬʦʨʤʫʣʠ ʟ [12], ʦʧʪʠʤʘʣʴʥʽ ʜʣʷ ʢʘʥʘʣʫ ʟʙʫʨʝʥʥʷ 

ʚʠʭʽʜ, ʪʘ ʷʢʽ ʥʘʮʽʣʝʥʽ ʥʘ ʤʽʥʽʤʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʣʽʥʽʡʥʦ-ʘʙʩʦʣʶʪʥʠʡ 

ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ:  

ʨʝʛ

ʨʝʛ ʟʙ

0.821 0.735

ʦʙ

ʦʙ ʦʙ

1 0.257 1.064 0.541      ʨʝʛ

ʨʝʛ ʨʝʛ

ʦʙ
r

ʦʙ ʦʙ

T T
K

K Tt t

å õå õ å õæ öæ ö æ ö= + -
æ öæ ö æ ö+ç ÷ ç ÷ç ÷

             (3.4) 

ʨʝʛ

ʨʝʛ ʨʝʛ

0.484 0.341

ʦʙ
ʦʙ ʦʙ

0.61 1.6 0.651      ʨʝʛ ʟʙ ʨʝʛʦʙ ʦʙ ʦʙ
i

T
T T

T T

t tå õå õ å õ+æ öæ ö æ ö= + -
æ öæ ö æ öç ÷ ç ÷ç ÷

             (3.5) 

ʗʢʱʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ ʚ ʮʠʬʨʦʚʽʡ ʩʠʩʪʝʤʽ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.4) ʪʘ (3.5), ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʝʨʽʦʜ 

ʢʚʘʥʪʫʚʘʥʥʷ 0T. ʊʘʢ ʷʢ ʧʝʨʽʦʜ ʢʚʘʥʪʫʚʘʥʥʷ ʚʥʦʩʠʪʴ ʟʘʧʽʟʥʝʥʥʷ ʚ ʨʦʙʦʪʫ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʝ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 0

2
T, ʪʦ ʜʦʩʪʘʪʥʴʦ ʚʨʘʭʫʚʘʪʠ 

ʝʢʚʽʚʘʣʝʥʪʥʝ ʟʘʧʽʟʥʝʥʥʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ( )0
ʝ                                                         3.6

2ʨʝʛʦʙ
Tt t= +  

 ʆʙʨʘʭʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʫʨʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʜʘʣʽ ʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʪʘʙʣʠʮʶ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ:  
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ʊʘʙʣ. 3.1. ʂʦʝʬʽʮʽʻʥʪʠ ʥʘʣʘʰʪʫʚʘʥʴ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ  

ɺʘʨʽʘʮʽʷ ʨʝʮʂ   0.1ʨʝʮʂ =   0.25ʨʝʮʂ =   0.5ʨʝʮʂ =   0.75ʨʝʮʂ =   0.95ʨʝʮʂ =  

 ʧK 1.0768 1.1661 1.2594 1.3745 1.4687 

 T̔ 147.6241 156.9302 174.975 191.936 206.2635 

 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʛʫʣʷʪʦʨʘ, ʧʦʙʫʜʫʻʤʦ ʚ MATLAB Simulink 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʦʪʨʠʤʘʻʤʦ ʛʨʘʬʽʢʠ ʇʇ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʧʨʠ ʨʽʟʥʠʭ ʨʝʮʂ . ɼʘʥʽ 

ʇʇ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʥʘ ʨʠʩ. 3.3. ɯʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʜʣʷ ʮʠʬʨʦʚʦʾ 

ʩʠʩʪʝʤʠ, ʧʨʠ ʨʽʟʥʠʭ ʨʝʮʂ , ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.2. 

 

ʈʠʩ. 3.3. ɻʨʘʬʽʢʠ ʇʇ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 0.1 0.95ʨʝʮʂ = -  
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ʊʘʙʣ. 3.2. ɯʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʨʝʮʂ  

ɺʘʨʽʘʮʽʷ ʨʝʮʂ   0.1ʨʝʮʂ =   0.25ʨʝʮʂ =   0.5ʨʝʮʂ =   0.75ʨʝʮʂ =   0.95ʨʝʮʂ =  

 ʣʽʥI -58.36 -52.4 -40.4 -23.71 -6.12 

 ʘʙʩ
ʣʽʥI  58.66 52.46 40.4 23.71 6.12 

 ʢʚ
ʣʽʥI 12.19 9.35 4.84 1.3 0.07 

 ʯʘʩ
ʣʽʥI  2104.65 1662.26 906.37 251.67 15.22 

 ʰʚʠʜ
ʣʽʥI  12.19 9.35 4.84 1.3 0.07 

 

3.4.2 ʈʦʟʨʘʭʫʥʦʢ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ  

ɼʣʷ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʨʦʟʨʘʭʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ ʟ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʫ 

(minimum IAE ï Haalman), ʷʢʠʡ ʥʘʮʽʣʝʥʠʡ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʣʽʥʽʡʥʦ-ʘʙʩʦʣʶʪʥʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ:  

ʦʙ

0.67ʦʙ
r

ʦʙ

T
K

Kt
å õ
=æ ö
ç ÷

                         (3.7) 

i ʦʙT T=                          (3.8) 

ɿʘ ʬʦʨʤʫʣʘʤʠ (3.7) ʪʘ (3.8) ʦʙʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʟʙʫʨʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʝʮʠʨʢʫʣʷʮʽʾ. ʄʘʻʤʦ ʥʘʩʪʫʧʥʫ ʪʘʙʣʠʮʶ ʟ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʨʝʛʫʣʷʪʦʨʘ:  

ʊʘʙʣ. 3.3. ʂʦʝʬʽʮʽʻʥʪʠ ʥʘʣʘʰʪʫʚʘʥʴ ʘʥʘʣʦʛʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ  

ɺʘʨʽʘʮʽʷ ʨʝʮʂ   0.1ʨʝʮʂ =   0.25ʨʝʮʂ =   0.5ʨʝʮʂ =   0.75ʨʝʮʂ =   0.95ʨʝʮʂ =  

 ʧK 0.8634 0.8688 0.8864 0.9225 0.9458 

 T̔ 132.55 148.2 185.37 244.09 316.74 
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ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʛʫʣʷʪʦʨʘ, ʧʦʙʫʜʫʻʤʦ ʚ MATLAB Simulink 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʦʪʨʠʤʘʻʤʦ ʛʨʘʬʽʢʠ ʇʇ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ, ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʧʨʠ ʨʽʟʥʠʭ ʨʝʮʂ . ɼʘʥʽ 

ʇʇ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʥʘ ʨʠʩ. 3.4. ɯʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʜʣʷ ʮʠʬʨʦʚʦʾ 

ʩʠʩʪʝʤʠ, ʧʨʠ ʨʽʟʥʠʭ ʨʝʮʂ , ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.4. 

 

ʈʠʩ. 3.4. ɻʨʘʬʽʢʠ ʇʇ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 0.1 0.95ʨʝʮʂ = -  

 

ʊʘʙʣ. 3.4. ɯʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ ʨʝʮʂ  

ɺʘʨʽʘʮʽʷ ʨʝʮʂ   0.1ʨʝʮʂ =   0.25ʨʝʮʂ =   0.5ʨʝʮʂ =   0.75ʨʝʮʂ =   0.95ʨʝʮʂ =  

 ʣʽʥI -65.35 -60.73 -51.13 -34.91 -10.35 

 ʘʙʩ
ʣʽʥI  65.35 60.73 51.13 34.91 10.35 

 ʢʚ
ʣʽʥI 14.54 11.3 6.15 1.88 0.12 

 ʯʘʩ
ʣʽʥI  2665.9 2152.3 1285.32 466.77 38.76 

 ʰʚʠʜ
ʣʽʥI  14.54 11.3 6.15 1.88 0.12 
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3.4.3 ʇʦʨʽʚʥʷʥʥʷ ʘʥʘʣʦʛʦʚʦʾ ʪʘ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ  

ʇʦʨʽʚʥʷʻʤʦ ʮʠʬʨʦʚʫ ʩʠʩʪʝʤʠ ʪʘ ʘʥʘʣʦʛʦʚʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ ʚʠʭʽʜ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʇʦʨʽʚʥʷʥʥʷ 

ʇʇ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘ 

ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ ʚʠʭʽʜ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ ʥʘ ʨʠʩ. 3.13-3.14. ʇʦʨʽʚʥʷʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʣʽʥʽʡʥʦ-ʘʙʩʦʣʶʪʥʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ 

ʩʠʩʪʝʤʠ ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ ʚʠʭʽʜ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ ʚ ʪʘʙʣʠʮʽ 3.5. 

 

ʈʠʩ. 3.13. ɻʨʘʬʽʢ ʧʦʨʽʚʥʷʥʥʷ ʇʇ ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

0.1ʨʝʮʂ =  ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ ʚʠʭʽʜ 
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ʈʠʩ. 3.14. ɻʨʘʬʽʢ ʧʦʨʽʚʥʷʥʥʷ ʇʇ ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

0.95ʨʝʮʂ =  ʟʘ ʢʘʥʘʣʦʤ ʟʙʫʨʝʥʥʷ ʚʠʭʽʜ 

 

ʊʘʙʣ. 3.5. ʇʦʨʽʚʥʷʥʥʷ ʩ
ʣʽʥ
ʘʙI  ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ, ʟʘ ʢʘʥʘʣʦʤ 

ʟʙʫʨʝʥʥʷ ʚʠʭʽʜ, ʧʨʠ ʨʽʟʥʠʭ ʨʝʮʂ  

ʉʠʩʪʝʤʘ  
 0.1ʝ

ʘʙ
ʽʥ
ʩ

ʣ

ʨ ʮ

I ʧʨʠ
ʂ =

 
 

 0.25
ʣʽʥ

ʨʝʮ

ʘʙʩI ʧʨʠ
ʂ =

 
 

 0.5ʝ

ʘʙ
ʽʥ
ʩ

ʣ

ʨ ʮ

I ʧʨʠ
ʂ =

 
 

 0.75
ʣʽʥ

ʨʝʮ

ʘʙʩI ʧʨʠ
ʂ =

 
 

 0.95
ʣʽʥ

ʨʝʮ

ʘʙʩI ʧʨʠ
ʂ =

 

ʎʠʬʨʦʚʘ 
ʩʠʩʪʝʤʘ 

58.66 52.46 40.4 23.71 6.12 

ɸʥʘʣʦʛʦʚʘ 
ʩʠʩʪʝʤʘ 

65.35 60.73 51.13 34.91 10.35 

 

ʇʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʭ 

ʥʘ ʨʠʩ. 3.13 ʪʘ ʨʠʩ. 3.14, ʙʘʯʠʤʦ, ʱʦ ʮʠʬʨʦʚʘ ʩʠʩʪʝʤʘ ʤʘʻ ʣʽʧʰʠʡ ʇʇ. ʆʙʠʜʚʽ 

ʩʠʩʪʝʤʠ ʜʦʙʨʝ ʢʦʤʧʝʥʩʫʶʪʴ ʟʙʫʨʝʥʥʷ, ʘʣʝ ʙʽʣʴʰ ʤʝʥʰʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʣʽʥʽʡʥʦ-ʘʙʩʦʣʶʪʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʧʦʢʘʟʫʻ ʮʠʬʨʦʚʘ ʩʠʩʪʝʤʘ, ʟʘ ʪʘʙʣ. 3.5, ʱʦ 
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ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦ, ʪʘʢ ʷʢ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʚʘʞʣʠʚʦ ʰʚʠʜʢʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʭʽʜʥʽ 

ʟʙʫʨʝʥʥʷ, ʪʦʤʫ ʮʠʬʨʦʚʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʙʽʣʴʰʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʜʦ ʇɺʉɺ ʩʭʦʚʠʱʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 

ʇʝʨʝʚʽʨʠʤʦ ʷʢʽʩʪʴ ɸʉʂ ʧʨʠ ʥʝʦʧʪʠʤʘʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ 

0.1ʨʝʮʂ =  ʪʘ 0.95ʨʝʮʂ =  ʜʣʷ ʆʂ, ʨʝʛʫʣʷʪʦʨ ʷʢʦʛʦ ʥʘʣʘʰʪʦʚʘʥʦ ʜʣʷ 0.1ʨʝʮʂ = . 

ʆʪʨʠʤʘʻʤʦ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʣʷ ʦʙʨʘʥʦʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʽʟ 

ʘʜʘʧʪʠʚʥʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʪʘ ʙʝʟ ʥʠʭ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʠʞʯʝ ʥʘ ʨʠʩ. 3.15. 

 

ʈʠʩ. 3.15 ʇʇ ʧʨʠ 0.1ʨʝʮʂ =  ʪʘ 0.95ʨʝʮʂ =  ʽʟ ʥʝʦʧʪʠʤʘʣʴʥʠʤʠ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʨʝʛʫʣʷʪʦʨʫ ʜʣʷ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ 

 

ɿʘ ʨʠʩ. 3.15, ʙʘʯʠʤʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʽʤʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʣʠʚʘʣʴʥʽʩʪʴ ʪʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɼʘʥʠʡ ʤʦʤʝʥʪ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

ʩʭʦʚʠʱʽ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʥʝʦʙʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ.  
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4. ʆʉʅʆɺʅɯ ʇʈʆɭʂʊʅɯ ʈɯʐɽʅʅʗ ɿ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ɺɽʅʊʀʃʗʎɯɰ 

4.1 ʊʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʚ ʇɺʉɺ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʩʠʩʪʝʤʘ ʧʨʘʮʶʚʘʣʦ ʩʪʘʙʽʣʴʥʦ ʪʘ ʢʦʨʝʢʪʥʦ, 

ʪʨʝʙʘ ʧʦʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ ʾʾ ʩʪʘʙʽʣʴʥʫ ʪʘ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ. ʑʦʙ ʜʦʩʷʛʪʠ ʪʘʢʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʚ ʩʠʩʪʝʤʽ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʤʽʨʶʻ ʜʘʥʽ, ʷʢʱʦ ʞ 

ʚʦʥʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʠʭ ʽʥʞʝʥʝʨʦʤ, ʪʦ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʊʦʤʫ, ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʦʨʛʘʥʽʟʫʚʘʪʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʜʣʷ ʮʴʦʛʦ ʧʽʜʽʙʨʘʥʝ ʥʘʩʪʫʧʥʝ ʪʝʭʥʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʪʘ ʧʨʠʚʝʜʝʥʘ ʌʉɸ ʩʠʩʪʝʤʠ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʥʘ ʨʠʩ. 4.1. 

 

ʈʠʩ. 4.1. ʌʉɸ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʩʭʦʚʠʱʘ 
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 ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʧʨʠʧʣʠʚʥʠʭ ʬʽʣʴʪʨʘʭ 4G  ʪʘ 7F  ( ) 8 1,1 0 1 ,ʧʦʟʠʮʽʷ- -  

ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʽʟ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʨʝʩʦʩʪʘʪʫ 500PS B.  

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʧʨʠʧʣʠʚʥʦʤʫ/ʚʠʪʷʞʥʦʤʫ ʚʝʥʪʠʣʷʪʦʨʘʭ 

( ) 9 1,1 4 1 ,ʧʦʟʠʮʽʷ- -  ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʜʘʪʯʠʢʫ 500PS B.  

ɿʘ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʚʦʜʷʥʦʤʫ ʢʘʣʦʨʠʬʝʨʽ ( )1 5 ,ʧʦʟʠʮʽʷ-  

ʚʽʜʧʦʚʽʜʘʻ ʟʘʭʠʩʥʠʡ ʢʘʧʽʣʷʨʥʠʡ ʪʝʨʤʦʩʪʘʪ 16 8951O H- .  

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʫ ʧʨʠʧʣʠʚʥʦʤʫ ʅɽʈɸ-ʬʽʣʴʪʨʽ ʚ ʧʨʠʤʽʱʝʥʥʷʭ 2ˉ  ʪʘ 1ˉ  

( )1 1 1,1 2 1 ,ʧʦʟʠʮʽʷ- -  ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʧʨʝʩʦʩʪʘʪʫ, ʧʽʜʚʠʱʝʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ 1500PS B.  

ʊʠʩʢ ʤʽʞ ʧʨʠʤʽʱʝʥʥʷʤʠ 2ˉ  ʪʘ 1ˉ  ( ) 5 1 ,ʧʦʟʠʮʽʷ-  ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʪʠʩʢʫ 2500 8DPT R AZ D- - -.  

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʚʠʪʷʞʥʦʤʫ ʬʽʣʴʪʨʽ ( )1 3 1 ,ʧʦʟʠʮʽʷ-  ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʧʨʝʩʦʩʪʘʪʫ 500PS B. 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʫʤʽʪʠ ʚ ʷʢʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʩʠʩʪʝʤʘ, ʚʚʝʜʝʥʽ 

ʥʘʩʪʫʧʥʽ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʪʨʘʪʠ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ( ) 7 1 ,ʧʦʟʠʮʽʷ-  ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʜʘʪʯʠʢʫ ʪʝʤʧʝʨʘʪʫʨʠ 2 10TES A NTC k- - . 

ɺʠʪʨʘʪʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ( ) 2 1,ʧʦʟʠʮʽʷ-  ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʜʦ 
3

4290 ʤ
ʛʦʜ
, 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʤʽʪʝʨʫ ʧʝʨʝʧʘʜʫ 

ʪʠʩʢʫ 2500 8DPT R AZ D- - -.  

ɺʠʪʨʘʪʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ 2ˉ  ʪʘ 1ˉ  

( ) 3 1, 4 1 ,ʧʦʟʠʮʽʷ- -  ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʜʦ 
3

4290ʤ
ʛʦʜ
, ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʤʽʪʝʨʫ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ 2500 8DPT R AZ D- - -.  
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ɺʠʪʨʘʪʘ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ( ) 5 2 ,ʧʦʟʠʮʽʷ-  ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʜʦ 
3

4290ʤ
ʛʦʜ
, 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ 

ʪʠʩʢʫ 2500 8DPT R AZ D- - -.  

ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ( ) 6 1 ,ʧʦʟʠʮʽʷ-  ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʥʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ 10 25TPK NTC k- - . 

 ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʟʚʦʨʦʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʢʘʣʦʨʠʬʝʨʘ 

( )1 4 ,ʧʦʟʠʮʽʷ-  ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʢʣʘʜʥʦʛʦ 

ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ 10TPP NTC k- . 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʝʨʫʚʘʥʥʷ ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʩʠʩʪʝʤʽ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ  ʙʫʣʦ ʥʘʜʽʡʥʠʤ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʫʧʨʘʚʣʽʥʥʷ 

ʘʧʘʨʘʪʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʠ. 

ʂʝʨʫʚʘʥʥʷ ʧʨʠʧʣʠʚʥʠʤ/ʚʠʪʷʞʥʠʤ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ( ) 29, 30  ʧʦʟʠʮʽʷ

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʠʭ ʧʫʩʢʘʯʽʚ 7 10DILM- .  

ʂʝʨʫʚʘʥʥʷ ʧʨʠʧʣʠʚʥʠʤʠ/ʚʠʪʷʞʥʠʤʠ ʟʘʩʣʽʥʢʘʤʠ 

( ) 2 2, 3 2, 4 2, 5 3, 5 4, 6 3 , ʧʦʟʠʮʽʷ- - - - - - ʚʨʘʭʦʚʫʶʯʠ ʨʝʮʠʨʢʫʣʷʮʽʡʥʫ ʟʘʩʣʽʥʢʫ 

( ) 6 2ʧʦʟʠʮʽʷ- , ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʦʜʫ  24BelimoLM A SR TP- - .  

ʂʝʨʫʚʘʥʥʷ ʪʨʠʭʦʜʦʚʠʤ ʰʘʨʦʚʠʤ ʢʣʘʧʘʥʦʤ ʚ ʚʦʜʦʧʨʦʚʦʜʽ ʥʘʛʨʽʚʘʯʘ ʪʘ 

ʦʜʥʦʭʦʜʦʚʠʤ ʢʣʘʧʘʥʦʤ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʦʭʦʣʦʜʞʫʚʘʯʘ ( )1 3,1 2ʧʦʟʠʮʽʷ- - 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʦʜʫ  24BelimoNR A SR- .  

ʂʝʨʫʚʘʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʠʤ ʥʘʩʦʩʦʤ ( ) 22ʧʦʟʠʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ 

ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ὈὍὒὓχ ρπ. 
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4.2 ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʇɺʉɺ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʝʨʘ EVCO 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʯʽ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʦʙʨʘʥʠʡ ʇʃʂ, ʚʽʜ ʢʦʤʧʘʥʽʾ EVCO, ʘ ʩʘʤʝ EVCO c-pro 3 kilo+. 

ɼʘʥʠʡ ʢʦʥʪʨʦʣʝʨ ʜʘʻ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʥʽʞ ʡʦʛʦ ʥʘʡʙʣʠʞʯʠʡ ʢʦʥʢʫʨʝʥʪ ʚʽʜ 

ʢʦʤʧʘʥʽʾ Schneider Electric ï Modicon M171, ʧʨʠ ʜʦʚʦʣʽ ʦʜʥʘʢʦʚʽʡ ʚʘʨʪʦʩʪʽ. 

ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʇɿ ʚʽʜ ʢʦʤʧʘʥʽʾ EVCO: UNI 

PRO-3. ʂʦʜ ʧʨʦʛʨʘʤʠ, ʥʘʧʠʩʘʥʠʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ FBD, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʙʫʜʦʚʘʥʠʭ ʚ ʩʝʨʝʜʦʚʠʱʽ ʙʣʦʢʽʚ, ʪʘ ʙʽʙʣʽʦʪʝʢ, ʘ ʪʘʢʦʞ ʽʟ ʙʣʦʢʘʤʠ ʘʣʛʦʨʠʪʤʽʚ, 

ʷʢʽ ʧʠʰʫʪʴʩʷ ʥʘ ʤʦʚʽ ʉ. ʇʨʦʛʨʘʤʘ ʢʝʨʫʚʘʥʥʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʤʘʣʶʥʢʫ 4.2. 

 

ʈʠʩ. 4.2. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʙʣʦʢʽʚ ʢʝʨʫʚʘʥʥʷ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 
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 ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʤʘʻ 3 ʚʭʦʜʠ (1 ʘʥʘʣʦʛʦʚʠʡ, 2 ʜʠʩʢʨʝʪʥʽ) ʪʘ 2 ʘʥʘʣʦʛʦʚʠʭ 

ʚʠʭʦʜʠ: 

¶ HEATER_MANUAL_VALUE ï ʟʥʘʯʝʥʥʷ ʥʘ ʷʢʝ ʧʦʚʠʥʝʥ ʚʽʜʢʨʠʪʠʩʷ 3-

ʭʦʜʦʚʠʡ ʢʣʘʧʘʥ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ; 

¶ SHIELD_START ï ʜʠʩʢʨʝʪʥʠʡ ʚʭʽʜ ʥʘ ʷʢʠʡ ʧʨʠʭʦʜʠʪʴ ʩʠʛʥʘʣ ʧʨʦ ʩʪʘʨʪ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʱʠʪʘ ʫʧʨʘʚʣʽʥʥʷ; 

¶ SYSTEM_START ï ʟʤʽʥʥʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʘʨʪ ʩʠʩʪʝʤʠ ʟ ʜʠʩʧʣʝʷ 

ʢʦʥʪʨʦʣʝʨʘ, ʷʢʱʦ ʥʘʷʚʥʘ ç1è ʥʘ ʜʠʩʢʨʝʪʥʦʤʫ ʚʭʦʜʽ SHIELD_START (ʧʨʘʮʶʻ 

ʣʦʛʽʢʘ çʽè); 

¶ SYSTEM_ALARM ï ʜʠʩʢʨʝʪʥʠʡ ʚʭʽʜ ʥʘ ʷʢʠʡ ʧʨʠʭʦʜʠʪʴ ʩʠʛʥʘʣ ʧʨʦ 

ʙʫʜʴ-ʷʢʫ ʘʚʘʨʽʶ ʚ ʩʠʩʪʝʤʽ; 

¶ EXHAUST_TEMP ï ʘʥʘʣʦʛʦʚʠʡ ʚʭʽʜ, ʢʦʥʬʽʛʫʨʦʚʘʥʠʡ, ʷʢ ʜʘʪʯʠʢ NTC 

10K-2 ʥʘ ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʜʘʪʯʠʢʘ;  

¶ HEATER_OUT ï ʘʥʘʣʦʛʦʚʠʡ ʚʠʭʽʜ, ʢʦʥʬʽʛʫʨʦʚʘʥʠʡ, ʷʢ ʩʠʛʥʘʣ 0 ï 10 V, 

ʥʘ ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʟʥʘʯʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 0 ï 10000 ʽ ʟʘʜʘʻ ʧʨʦʮʝʥʪ ʚʽʜʢʨʠʪʪʷ 3-

ʭʦʜʦʚʦʤʫ ʢʣʘʧʘʥʫ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ; 

¶ RECIRCULATION ï ʘʥʘʣʦʛʦʚʠʡ ʚʠʭʽʜ, ʢʦʥʬʽʛʫʨʦʚʘʥʠʡ, ʷʢ ʩʠʛʥʘʣ 0 ï 10 

V, ʥʘ ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʟʥʘʯʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 0 ï 10000 ʽ ʟʘʜʘʻ ʧʨʦʮʝʥʪ ʚʽʜʢʨʠʪʪʷ 

ʢʘʤʝʨʠ ʨʝʮʠʨʢʫʣʷʮʽʾ; 

¶ RECIRCULATION_MANUAL_VALUE ï ʟʥʘʯʝʥʥʷ ʥʘ ʷʢʝ ʧʦʚʠʥʥʘ 

ʚʽʜʢʨʠʪʠʩʷ ʢʘʤʝʨʘ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ; 

¶ HEATER_SP ï ʟʥʘʯʝʥʥʷ ʫʩʪʘʚʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ; 

¶ KP ï ʟʥʘʯʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ; 

¶ TI ï ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ; 

¶ TD ï ʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ; 
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¶ HEATER_MODE ï ʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʫ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ (0 ï ʘʚʪʦ 

ʨʝʞʠʤ, 1 ï ʨʫʯʥʠʡ ʨʝʞʠʤ); 

ʅʘʡʛʦʣʦʚʥʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʦʛʨʘʤʠ ʻ ʩʪʘʥʜʘʨʪʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ 

ʚʙʫʜʦʚʘʥʠʡ ʚ UNI-PRO 3. ɹʣʦʢʠ ANALOG_GET_VALUE, WORD2SHORT ʽ 

SHORT2WORD ʩʣʫʛʫʶʪʴ ʜʣʷ ʢʦʥʚʝʨʪʘʮʽʾ ʪʠʧʽʚ ʜʘʥʠʭ.  

ɹʣʦʢ SEL_WORD_1 ʩʣʫʛʫʻ ʜʣʷ ʚʠʙʦʨʫ ʟʥʘʯʝʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ 

(ʨʫʯʥʦʛʦ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ), ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʟʤʽʥʥʦʾ HEATER_MODE. 

ɹʣʦʢ LIMIT_1 ʦʙʤʝʞʫʻ ʚʠʭʽʜ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʦ ʧʨʦʤʽʞʢʫ ʚʽʜ 0 ʜʦ 100%. 

 ɺ ʜʘʥʦʤʫ ʧʨʦʛʨʘʤʽ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘʪʨʠʤʢʘ ʥʘ ʚʚʽʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ, 

ʘ ʪʘʢʦʞ ʚʚʽʤʢʥʝʥʥʷ ʰʪʘʪʥʦʛʦ ʨʝʞʠʤʫ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʪʽʣʴʢʠ, ʷʢʱʦ ʻ ʩʠʛʥʘʣ 

SYSTEM_START ʽ (SHIELD_START), ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʷ ʙʫʜʴ-ʷʢʘ ʘʚʘʨʽʷ.  

ɼʣʷ ʢʦʤʬʦʨʪʫ ʨʦʙʦʪʠ ʽʥʞʝʥʝʨʫ ʽʟ ʢʦʥʪʨʦʣʝʨʦʤ, ʪʘ ʜʣʷ ʪʦʥʢʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʥʘ ʜʠʩʧʣʝʾ ʢʦʥʪʨʦʣʝʨʘ ʨʦʟʨʦʙʣʝʥʝ ʤʝʥʶ, ʛʦʣʦʚʥʝ 

ʤʝʥʶ, ʪʘʢʦʛʦ ʜʠʩʧʣʝʷ, ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ, ʥʘ ʨʠʩ. 4.3. ɿ ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ 

ʜʠʩʧʣʝʶ, ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʥʘʣʘʰʪʫʚʘʥʴ ʢʘʣʦʨʠʬʝʨʘ, ʘʙʦ ʨʝʮʠʨʢʫʣʷʮʽʾ, 

ʥʘʣʘʰʪʫʚʘʪʠ ʟʘʪʨʠʤʢʫ ʚʢʣʶʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʧʝʨʝʚʽʨʠʪʠ ʥʘʷʚʥʽʩʪʴ ʘʚʘʨʽʾ. 

 

ʈʠʩ. 4.3. ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʜʠʩʧʣʝʶ ʢʦʥʪʨʦʣʝʨʘ 

 

 ʅʘ ʨʠʩ. 4.4, ʨʦʟʪʘʰʦʚʘʥʝ ʚʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ, ʟ 

ʷʢʦʛʦ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʥʘʣʘʰʪʫʚʘʥʴ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ, ʧʦʙʘʯʠʪʠ ʧʨʦʮʝʥʪ 
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ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʫ ʥʘʛʨʽʚʘʯʘ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ ʧʨʦʮʝʥʪ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʫ ʚ 

ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ ʽ ʚʩʪʘʥʦʚʠʪʠ ʧʦʪʨʽʙʥʫ ʫʩʪʘʚʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʠʤʽʱʝʥʥʽ. 

 

ʈʠʩ. 4.4. ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʢʘʣʦʨʠʬʝʨʘ ʜʠʩʧʣʝʶ ʢʦʥʪʨʦʣʝʨʘ 

 

 ʅʘ ʨʠʩ. 4.5, ʨʦʟʪʘʰʦʚʘʥʝ ʚʽʢʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʤʝʨʠ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʘ 

ʩʘʤʝ ʚʽʜʩʦʪʦʢ, ʥʘ ʷʢʠʡ ʚʽʜʢʨʠʪʘ ʟʘʩʣʽʥʢʘ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

ʚ ʚʠʪʷʞʥʦʤʫ ʢʘʥʘʣʽ ʩʠʩʪʝʤʠ (ʚ ʧʨʠʤʽʱʝʥʥʽ). ʊʘʢʦʞ ʜʦʩʪʫʧʥʝ ʟʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ 

ʟʘʩʣʽʥʢʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ. 

 

ʈʠʩ. 4.5. ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʢʘʤʝʨʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʠʩʧʣʝʶ ʢʦʥʪʨʦʣʝʨʘ 

 

 ʅʘ ʨʠʩ. 4.6, ʨʦʟʪʘʰʦʚʘʥʝ ʚʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʚʦʜʷʥʦʛʦ ʢʘʣʦʨʠʬʝʨʘ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʥʘʣʘʰʪʫʚʘʪʠ ʧʽʜ ʩʝʙʝ ʧʘʨʘʤʝʪʨʠ 

ʨʝʛʫʣʷʪʦʨʘ ʚ ʨʫʯʥʦʤʫ ʡʦʛʦ ʨʝʞʠʤʽ (ʚ ʘʚʪʦ ʨʝʞʠʤʽ ʧʨʘʮʶʻ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʘʮʽʾ). 
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ʊʘʢʦʞ ʟ ʮʴʦʛʦ ʚʽʢʥʘ ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʤʽʥʽʤʫʤ ʪʘ ʤʘʢʩʠʤʫʤ ʇɯɼ 

ʨʝʛʫʣʷʪʦʨʘ, ʪʘ ʟʤʽʥʶʚʘʪʠ ʡʦʛʦ ʨʝʞʠʤ ʨʦʙʦʪʠ. 

 

ʈʠʩ. 4.6. ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʠʩʧʣʝʶ ʢʦʥʪʨʦʣʝʨʘ 

 

 ʅʠʞʯʝ ʧʨʠʚʝʜʝʥʠʡ ʢʦʜ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʘʮʽʾ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʽ: 

if (! manual_mode) { 

  int delta = exhaust_temp - setpoint; 

  if (delta < 1) { 

    return 9500; 

  } 

  else if (delta > 1 && delta < 2) { 

    return 7500; 

  } 

  else if (delta > 2 && delta < 3) { 

    return 5000; 

  } 

  else if (delta > 3 && delta < 4) { 

    return 2500; 

  } 

  else if (delta > 4) { 

    return 1000; 

  } 

} 

else { 

  return valve_in_manual; 

} 
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4.3 ʈʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ MySCADA 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ  ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʙʫʣʘ 

ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ MySCADA, ʷʢʘ ʡʜʝ ʨʘʟʦʤ ʟ ʧʘʥʝʣʣʶ 

ʦʧʝʨʘʪʦʨʘ myPANEL ʪʘ ʥʝʦʙʤʝʞʝʥʦʶ ʣʽʮʝʥʟʽʻʶ. ɼʘʥʘ ʧʘʥʝʣʴ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʘʚʘʪʠ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʟ ʢʦʥʪʨʦʣʝʨʘ ʟʘ ʧʨʦʪʦʢʦʣʦʤ Modbus TCP ʘʙʦ 

Modbus RTU.  

ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʘʥʝʣʽ MySCADA, ʩʠʩʪʝʤʘ 

ʚʠʤʘʛʘʻ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦʡʪʠ ʧʨʦʮʝʜʫʨʫ ʘʚʪʦʨʠʟʘʮʽʾ, ʨʠʩ. 4.7, ʧʽʩʣʷ ʷʢʦʾ ʩʠʩʪʝʤʘ 

ʜʦʜʘʩʪʴ ʧʦʜʽʶ ʚʭʦʜʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ Data-Log (ʷʢ ʽ ʚʠʭʽʜ ʽʟ ʩʠʩʪʝʤʠ), ʜʦ ʷʢʠʭ 

ʤʘʻ ʜʦʩʪʫʧ ʣʠʰʝ ʽʥʞʝʥʝʨ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨ. ɼʘʥʽ ʣʦʛʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʽʡ ʧʘʤôʷʪʽ ʧʘʥʝʣʽ. ɹʝʟ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʟʤʦʞʝ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʶ ʩʠʩʪʝʤʦʶ.  

 

ʈʠʩ. 4.7. ʉʧʣʠʚʘʶʯʝ ʚʽʢʥʦ ʘʚʪʦʨʠʟʘʮʽʾ ʚ ʩʠʩʪʝʤʽ 

 

 ɺ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʽʡ ʩʠʩʪʝʤʽ ʜʦʩʪʫʧʥʽ 3 ʨʽʚʥʷ ʜʦʩʪʫʧʫ, ʮʝ 

ʢʦʨʠʩʪʫʚʘʯ, ʽʥʞʝʥʝʨ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨ.  

3 ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ ï ʘʜʤʽʥʽʩʪʨʘʪʦʨ, ʡʦʤʫ ʜʦʩʪʫʧʥʽ ʚʩʽ ʥʘʷʚʥʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʩʪʫʧ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʥʝʣʽ ʦʧʝʨʘʪʦʨʘ. 

2 ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ ï ʽʥʞʝʥʝʨ, ʡʦʤʫ ʜʦʩʪʫʧʥʽ ʚʩʽ ʥʘʷʚʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʙʝʟ 

ʜʦʩʪʫʧʫ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʥʝʣʽ ʦʧʝʨʘʪʦʨʘ. 
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1 ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ ï ʢʦʨʠʩʪʫʚʘʯʫ, ʡʦʤʫ ʜʦʩʪʫʧʥʠʡ ʣʠʰʝ ʧʝʨʝʛʣʷʜ ʩʠʩʪʝʤʠ, 

ʛʨʘʬʽʢʽʚ, ʟʚʽʪʽʚ ʪʘ ʥʘʷʚʥʠʭ ʘʚʘʨʽʡ, ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. 

 ʅʘ ʛʦʣʦʚʥʠʭ ʚʽʢʥʘʭ, ʨʠʩ. 4.8 ʪʘ ʨʠʩ. 4.9, ʧʦʢʘʟʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʫʩʪʘʥʦʚʢʠ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʠʩʪʝʤʫ, ʾʾ ʩʪʘʥ, ʜʦʩʪʫʧʥʽ ʪʘʢʦʞ ʛʦʣʦʚʥʽ ʚʽʢʥʘ ʘʚʘʨʽʡ 

ʦʥʣʘʡʥ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʛʣʷʜʘʪʠ ʥʘʷʚʥʽ ʘʚʘʨʽʾ, ʪʘ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ ʾʭ (ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʨʽʚʥʷ ʜʦʩʪʫʧʫ 2 ʽ ʚʠʱʝ), ʪʘ ʘʚʘʨʽʡ ʘʨʭʽʚ, ʢʫʜʠ ʥʘʜʭʦʜʷʪʴ ʘʚʘʨʽʾ, ʷʢʽ 

ʚʞʝ ʥʝʜʽʡʩʥʽ ʪʘ ʙʫʣʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʽʥʞʝʥʝʨʦʤ.  

ʊʘʢʦʞ ʥʘ ʛʦʣʦʚʥʠʭ ʚʽʢʥʘʭ ʻ ʜʦʩʪʫʧ ʜʦ ʟʤʽʥʶʚʘʥʥʷ ʫʩʪʘʚʦʢ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʨʦʟʢʣʘʜ ʽ ʢʝʨʫʚʘʪʠ ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʇʝʨʝʭʦʜʠ ʟ ʦʜʥʦʛʦ ʝʢʨʘʥʫ ʥʘ ʽʥʰʠʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʥʝʣʽ ʥʘʚʽʛʘʮʽʾ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʝʢʨʘʥʫ. ʂʨʽʤ ʮʴʦʛʦ ʚ ʩʠʩʪʝʤʽ ʨʝʘʣʽʟʦʚʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ, ʨʠʩ. 4.10. ɼʣʷ ʮʽʻʾ ʜʽʾ ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʥʘ ʧʦʪʨʽʙʥʠʡ ʝʣʝʤʝʥʪ ʙʽʣʷ 

ʷʢʦʛʦ ʻ ʩʧʝʮʽʘʣʴʥʠʡ ʟʥʘʢ (ʰʝʩʪʝʨʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ), ʧʽʩʣʷ ʜʽʾ ʟôʷʚʣʷʻʪʴʩʷ 

ʩʧʣʠʚʘʶʯʝ ʚʽʢʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʘʙʦ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʩʝʨʝʜ ʪʘʢʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠʪʠ ʨʝʞʠʤ ʥʘ ʘʚʪʦ, ʘʙʦ 

ʨʫʯʥʠʡ, ʟʘʜʘʪʠ ʧʨʦʮʝʥʪ ʚʽʜʢʨʠʪʪʷ ɺʄ, ʷʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʫʯʥʦʤʫ 

ʨʝʞʠʤʽ ʦʙʣʘʜʥʘʥʥʷ, ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʞ ʪʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʻ ʚʽʜʩʫʪʥʴʦʶ. 

 

ʈʠʩ. 4.8. ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʩʭʦʚʠʱʘ 
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ʈʠʩ. 4.9. ɺʽʢʥʦ ʧʨʠʤʽʱʝʥʴ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʩʭʦʚʠʱʘ 

 

 

ʈʠʩ. 4.10. ʇʘʨʘʤʝʪʨʠʯʥʝ ʚʽʢʥʦ ʥʘʣʘʛʦʜʞʝʥʴ ʚʦʜʷʥʦʛʦ ʥʘʛʨʽʚʘʯʘ 

 

 ʗʢʱʦ ʚ ʩʠʩʪʝʤʽ ʚʠʥʠʢʣʘ ʘʚʘʨʽʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʪʦ ʚʦʥʘ 

ʚʽʜʦʙʨʘʟʠʪʴʩʷ, ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ ʥʘ ʨʠʩ. 4.11. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʠʥʠʢʣʘ 
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ʘʚʘʨʽʷ ʽ ʚʠʪʨʠʤʘʣʘ ʟʘʪʨʠʤʢʫ ʚʦʥʘ ʟôʷʚʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʧʣʠʚʘʶʯʦʛʦ ʚʽʢʥʘ ʧʽʜ 

ʦʙʣʘʜʥʘʥʥʷʤ. ɺ ʪʘʢʦʤʫ ʚʽʢʥʽ ʥʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʜ ʘʚʘʨʽʾ, ʾʾ ʥʘʟʚʘ, ʪʘ 

ʢʥʦʧʢʘ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (ʷʢʱʦ ʻ ʜʦʩʪʫʧ ʜʣʷ ʮʽʻʾ ʜʽʾ). ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʘʚʘʨʽʷ 

ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ, ʽ ʟʥʠʢʣʘ ʧʨʠʯʠʥʘ ʧʦʷʚʠ ʘʚʘʨʽʾ ʚʽʢʥʦ ʟʥʠʢʘʻ, ʘ ʩʘʤʘ ʘʚʘʨʽʷ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʚʽʢʥʘ ʘʚʘʨʽʡ ʘʨʭʽʚ. 

 

ʈʠʩ. 4.11. ɺʽʢʥʦ ʘʚʘʨʽʾ 

  

 ɯʟ ʨʽʚʥʝʤ ʜʦʩʪʫʧʫ 2 ʽ ʚʠʱʝ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠ ʛʨʘʬʽʢʠ, ʩʧʠʩʢʠ 

ʥʘʷʚʥʠʭ, ʘʨʭʽʚʥʠʭ ʘʚʘʨʽʡ, ʣʦʛʠ ʪʘ ʟʚʽʪʠ, ʷʢ ʫ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʫ ʧʘʤôʷʪʴ ʧʘʥʝʣʽ 

ʦʧʝʨʘʪʦʨʘ, ʪʘʢ ʽ ʚʽʜʜʘʣʝʥʦ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʢʦʤʧôʶʪʝʨ, ʽ ʟʚʽʜʪʠ ʚʞʝ 

ʨʦʟʜʨʫʢʫʚʘʪʠ, ʟʘ ʧʦʪʨʝʙʠ, ʫ pdf-ʬʘʡʣ.  

 ɿʘʚʜʷʢʠ ʘʚʪʦʨʠʟʘʮʽʾ ʽ ʧʨʦʛʨʝʩʠʚʥʽʡ ʩʠʩʪʝʤʽ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʘʚʪʦʨʠʟʦʚʘʥʦʛʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʫ ʩʠʩʪʝʤʫ, ʯʽʪʢʦ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʚ ʧʨʠʤʽʱʝʥʽ. ʉʠʩʪʝʤʘ ʰʚʠʜʢʦ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʠ, ʘʥʘʣʽʟʫʶʯʠ 

ʜʘʥʽ, ʷʢʽ ʦʪʨʠʤʫʻ ʚʽʜ ʢʦʥʪʨʦʣʝʨʘ, ʪʘ ʦʧʝʨʫʶʯʠ ʚʣʘʩʥʠʤʠ ʣʦʛʘʤʠ ʜʘʥʠʭ, ʘʜʘʧʪʫʻ 

ʢʘʤʝʨʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʣʷ ʽʜʝʘʣʴʥʦʾ ʽ ʟʣʘʛʦʜʞʝʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʩʭʦʚʠʱʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼɸʉʋ ʽ ʉʅɯʇ [15]. ɺ ʮʽʣʦʤʫ ʜʘʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʘ ʩʠʩʪʝʤʘ ʚʽʜʤʽʥʥʦ ʜʦʧʦʤʘʛʘʻ ʨʦʙʽʪʥʠʢʘʤ ʪʘ ʧʝʨʩʦʥʘʣʫ 

ʩʭʦʚʠʱʘ ʢʝʨʫʚʘʪʠ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. 
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5. ʈʆɿʈʆɹʃɽʅʅʗ ʉʊɸʈʊɸʇ-ʇʈʆɭʂʊʋ ʉʀʉʊɽʄʀ ʇɺʉɺ ɯɿ 

ʈɽʎʀʈʂʋʃʗʎɯɭʖ 

ʈʦʟʨʦʙʣʝʥʥʷ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ ʩʠʩʪʝʤʠ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʚʠʢʦʥʘʥʦ 

ʩʣʽʜʫʶʯʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤ, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ [14]. 

5.1 ʆʧʠʩ ʽʜʝʾ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ʉʪʘʨʪʘʧ ï ʮʝ ʥʦʚʠʡ ʬʽʥʘʥʩʦʚʠʡ ʧʨʦʝʢʪ, ʤʝʪʘ ʷʢʦʛʦ ʰʚʠʜʢʦ ʦʢʫʧʠʪʠ 

ʚʢʣʘʜʝʥʽ ʽʥʚʝʩʪʠʮʽʾ ʪʘ ʦʪʨʠʤʘʪʠ ʧʨʠʙʫʪʦʢ. ʇʦʥʷʪʪʷ çʩʪʘʨʪʘʧè ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʝʧʨʘʚʠʣʴʥʦ. ʍʪʦʩʴ ʪʘʢ ʥʘʟʠʚʘʻ ʙʫʜʴ-ʷʢʠʡ ʥʦʚʠʡ ʙʽʟʥʝʩ, ʽʥʰʽ 

ʨʦʟʫʤʽʶʪʴ ʧʽʜ ʩʪʘʨʪʘʧʦʤ ʥʦʚʠʡ ʽʥʪʝʨʥʝʪ-ʧʨʦʝʢʪ. ʅʘʩʧʨʘʚʜʽ ʻ ʜʫʞʝ ʟʥʘʯʫʱʘ 

ʚʽʜʤʽʥʥʽʩʪʴ. ʉʪʘʨʪʘʧ ʟʘʚʞʜʠ ʰʫʢʘʻ ʚʽʜʪʚʦʨʶʚʘʥʫ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʫ ʙʽʟʥʝʩ-

ʤʦʜʝʣʴ. ɯʜʝʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟ ʥʫʣʷ, ʘ ʛʦʣʦʚʥʘ ʤʝʪʘ ʩʪʘʨʪʘʧʫ ï ʟʥʘʡʪʠ ʜʞʝʨʝʣʘ 

ʧʨʠʙʫʪʢʫ. ʉʪʘʨʪʘʧ ʯʘʩʪʦ ʘʩʦʮʽʶʶʪʴ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʚʠʥʘʭʦʜʘʤʠ ʪʘ ʪʝʭʥʽʯʥʠʤʠ 

ʽʥʥʦʚʘʮʽʷʤʠ. ʅʝʦʙʦʚ'ʷʟʢʦʚʦ, ʱʦʙ ʧʨʦʝʢʪ ʙʫʚ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʷʢʠʤʠʩʴ 

ʽʥʥʦʚʘʮʽʷʤʠ. ʆʩʥʦʚʥʘ ʦʟʥʘʢʘ ʢʦʤʧʘʥʽʡ-ʩʪʘʨʪʘʧʽʚ ï ʬʦʢʫʩ ʥʘ ʥʦʚʠʭ ʙʽʟʥʝʩ-

ʤʦʜʝʣʷʭ ʪʘ ʰʚʠʜʢʦʤʫ ʟʨʦʩʪʘʥʥʽ. 

ɿʤʽʩʪ ʜʘʥʦʾ ʽʜʝʾ, ʥʘʧʨʷʤʠ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʚʠʛʦʜʠ, ʱʦ ʦʪʨʠʤʘʻ 

ʢʦʨʠʩʪʫʚʘʯ ʚʽʜ ʢʦʞʥʦʛʦ ʥʘʧʨʷʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʫ ʪʘʙʣʠʮʽ 5.1. 

ʊʘʙʣ. 5.1. ʆʧʠʩ ʽʜʝʾ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.1. 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʝʨʝʚʘʛ ʽʜʝʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʜʝʷʤʠ ʢʦʥʢʫʨʝʥʪʽʚ, ʧʨʠʚʝʜʝʥʽ ʥʠʞʯʝ ʫ ʪʘʙʣʠʮʽ 5.2. 

ʊʘʙʣ. 5.2. ɺʠʟʥʘʯʝʥʥʷ ʩʠʣʴʥʠʭ, ʩʣʘʙʢʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʜʝʾ 

ʧʨʦʻʢʪʫ 
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5.2 ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʧʨʦʻʢʪʫ 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʜʽʡʩʥʝʥʥʦʩʪʽ ʽʜʝʾ ʧʨʦʻʢʪʫ ʧʨʠʚʝʜʝʥʦ ʥʠʞʯʝ ʫ 

ʪʘʙʣʠʮʽ 5.3. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʽʜʝʷ ʧʨʦʻʢʪʫ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʜʽʡʩʥʝʥʥʦʶ. 

ʊʘʙʣ. 5.3 ʊʝʭʥʦʣʦʛʽʯʥʘ ʟʜʽʡʩʥʝʥʥʽʩʪʴ ʽʜʝʾ ʧʨʦʻʢʪʫ 

 

5.3 ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ɺʠʟʥʘʯʝʥʥʷ ʨʠʥʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʽʜ ʯʘʩ 

ʪʘʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʝʢʪʫ, ʪʘ ʨʠʥʢʦʚʠʭ ʟʘʛʨʦʟ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʠʪʠ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 5.4. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʛʦʣʦʚʥʠʭ ʛʨʘʚʮʽʚ ʥʝʚʝʣʠʢʘ, ʜʠʥʘʤʽʢʘ ʨʠʥʢʫ ʟʨʦʩʪʘʻ ʪʘ ʩʝʨʝʜʥʷ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ 

ʚ ʛʘʣʫʟʽ ʧʝʨʝʚʠʱʫʻ ʙʘʥʢʽʚʩʴʢʠʡ ʚʽʜʩʦʪʦʢ ʥʘ ʚʢʣʘʜʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʨʠʥʦʢ ʻ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʚʭʦʜʞʝʥʥʷ ʟʘ ʧʦʧʝʨʝʜʥʽʤ 

ʦʮʽʥʶʚʘʥʥʷʤ. 
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ʊʘʙʣʠʮʷ 5.4 ʇʦʧʝʨʝʜʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʠʥʢʫ ʩʪʘʨʪʘʧ-

ʧʨʦʻʢʪʫ 

 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʛʨʫʧ ʢʣʽʻʥʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʨʦʝʢʪʫ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.5. 

ʊʘʙʣʠʮʷ 5.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

 

ʌʘʢʪʦʨʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʨʠʥʢʦʚʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʧʨʦʝʢʪʫ, ʪʘ 

ʬʘʢʪʦʨʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʡʦʤʫ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.6 ʪʘ 5.7 ʚʽʜʧʦʚʽʜʥʦ. ʌʘʢʪʦʨʠ 

ʚ ʪʘʙʣʠʮʽ ʧʦʜʘʥʽ ʚ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ. 
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ʊʘʙʣʠʮʷ 5.6. ʌʘʢʪʦʨʠ ʟʘʛʨʦʟ 

 

ʊʘʙʣʠʮʷ 5.7. ʌʘʢʪʦʨʠ ʤʦʞʣʠʚʦʩʪʝʡ 

 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʚʠʟʥʘʯʠʤʦ ʟʘʛʘʣʴʥʽ ʨʠʩʠ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ 

ʨʠʥʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.8. 

ʊʘʙʣʠʮʷ 5.8. ʉʪʫʧʝʥʝʚʠʡ ʘʥʘʣʽʟ ʢʦʥʢʫʨʝʥʮʽʡ ʥʘ ʨʠʥʢʫ 

 

 

 



87 
 

 
 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.8. 

 

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʫʤʦʚ ʢʦʥʢʫʨʝʥʮʽʾ ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʚ 

ʛʘʣʫʟʽ ʟʘ ʤʦʜʝʣʣʶ ʄ. ʇʦʨʪʝʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 5.9. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟ ʦʛʣʷʜʫ ʥʘ ʩʠʣʴʥʫ 

ʢʦʥʢʫʨʝʥʮʽʶ ʟ ʙʦʢʫ ʽʥʰʠʭ ʢʦʤʧʘʥʽʡ ʫ ʜʘʥʦʛʦ ʧʨʦʻʢʪʫ ʻ ʚʝʣʠʢʽ ʰʘʥʩʠ ʜʣʷ 

ʧʨʦʛʨʝʩʫ ʥʘ ʨʠʥʢʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ, ʧʨʦʻʢʪ 

ʧʨʝʟʝʥʪʫʻʪʴʩʷ ʥʘ ʪʝʥʜʝʨʘʭ ʪʘ ʚʠʩʪʘʚʢʘʭ, ʥʘʤʘʛʘʶʯʠʩʴ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʦʚʘʨʫ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʾ, ʷʢʠʭ ʥʝʤʘʻ ʫ ʢʦʥʢʫʨʝʥʪʽʚ. 



88 
 

 
 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʢʦʥʢʫʨʝʥʮʽʾ, ʥʘʚʝʜʝʥʦʛʦ ʚ ʪʘʙʣʠʮʽ 5.9. 

ʊʘʙʣʠʮʷ 5.9. ɸʥʘʣʽʟ ʢʦʥʢʫʨʝʥʮʽʾ ʚ ʛʘʣʫʟʽ ʟʘ ʄ. ʇʦʨʪʝʨʦʤ 

 

ɺʨʘʭʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʜʝʾ ʧʨʦʝʢʪʫ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 5.2, ʪʘ 

ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʘ ʜʦ ʪʦʚʘʨʫ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.5, ʚʨʘʭʦʚʫʶʯʠ ʬʘʢʪʦʨʠ 

ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 5.6 ʪʘ 5.7, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʣʽʢ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ɼʘʥʠʡ ʧʝʨʝʣʽʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 5.10. 

ʊʘʙʣʠʮʷ 5.10. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 
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ʎʽ ʬʘʢʪʦʨʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʫ ʪʘʙʣʠʮʽ 5.10, 

ʜʘʶʪʴ ʟʤʦʛʫ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.11. 

ʊʘʙʣʠʮʷ 5.11. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ ʧʨʦʻʢʪʫ 

 

ʌʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʨʠʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʫʩʧʽʰʥʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʻʢʪʫ ʻ ʩʢʣʘʜʘʥʥʷ SWOT-ʘʥʘʣʽʟʫ, ʪʦʙʪʦ ʤʘʪʨʠʮʽ ʘʥʘʣʽʟʫ 

ʩʠʣʴʥʠʭ ʪʘ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ, ʟʘʛʨʦʟ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʠʭ 

ʨʠʥʢʦʚʠʭ ʟʘʛʨʦʟ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʩʠʣʴʥʠʭ ʽ ʩʣʘʙʢʠʭ ʩʪʦʨʽʥ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.11. 

ʇʝʨʝʣʽʢ ʨʠʥʢʦʚʠʭ ʟʘʛʨʦʟ ʪʘ ʨʠʥʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ ʟʘʛʨʦʟ ʪʘ ʬʘʢʪʦʨʽʚ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʈʠʥʢʦʚʽ ʟʘʛʨʦʟʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʻ ʥʘʩʣʽʜʢʘʤʠ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ, ʽ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ, ʱʝ ʥʝ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʨʠʥʢʫ ʽ ʤʘʶʪʴ ʧʝʚʥʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʜʽʡʩʥʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʧʨʠʢʣʘʜ, ʱʦ ʟʥʠʞʝʥʥʷ ʜʦʭʦʜʽʚ 

ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʤʦʞʝ ʙʫʪʠ ʬʘʢʪʦʨʦʤ ʟʘʛʨʦʟʠ, ʜʣʷ ʷʢʦʛʦ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʧʨʦʛʥʦʟ ʱʦʜʦ ʧʦʩʠʣʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʮʽʥʦʚʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠ ʚʠʙʦʨʽ 

ʪʦʚʘʨʫ ʮʽʥʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ, ʱʦ ʚʞʝ, ʟʘ ʩʚʦʾʤ ʟʤʽʩʪʦʤ, ʻ ʨʠʥʢʦʚʦʶ ʟʘʛʨʦʟʦʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.12. 
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ʊʘʙʣʠʮʷ 5.12. SWOT ï ʘʥʘʣʽʟ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

 

ʅʘ ʦʩʥʦʚʽ SWOT-ʘʥʘʣʽʟʫ ʪʨʝʙʘ ʨʦʟʨʦʙʠʪʠ ʘʣʴʪʝʨʥʘʪʠʚʫ ʨʠʥʢʦʚʦʾ 

ʧʦʚʝʜʽʥʢʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ ʥʘ ʨʠʥʦʢ ʪʘ ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʾʭ 

ʨʠʥʢʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʝʢʪʠ ʢʦʥʢʫʨʝʥʪʽʚ, ʷʢʽ ʻ 

ʙʣʠʟʴʢʠʤʠ ʟʘ ʬʫʥʢʮʽʦʥʘʣʦʤ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʜʣʷ ʨʠʥʢʫ. ɼʘʥʽ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.13. 

ʊʘʙʣʠʮʷ 5.13. ɸʣʴʪʝʨʥʘʪʠʚʠ ʨʠʥʢʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

 

 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣʠʮʽ ʚʠʱʝ, ʮʽʣʴʦʚʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʜʣʷ ʧʨʦʻʢʪʫ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʪʨʝʙʘ ʦʙʠʨʘʪʠ ʦʨʽʻʥʪʘʮʽʶ ʥʘ ʧʨʠʚʘʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʝʣʠʢʠʭ 

ʤʽʩʪ, ʪʦʤʫ ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʩʫʨʩʽʚ ʻ ʟʥʘʯʥʦ 

ʚʠʱʦʶ, ʘ ʪʝʨʤʽʥʠ ʨʝʘʣʽʟʘʮʽʾ ʻ ʩʪʠʩʣʠʤʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʻʢʪʫ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 
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5.4 ʈʦʟʨʦʙʣʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʧʨʦʻʢʪʫ 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʨʠʥʢʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ 

ʦʭʦʧʣʝʥʥʷ ʨʠʥʢʫ ʪʘ ʦʧʠʩʘʥʥʷ ʮʽʣʴʦʚʠʭ ʛʨʫʧ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. ʊʘʢʽ 

ʛʨʫʧʠ ʦʧʠʩʘʥʽ ʥʠʞʯʝ ʚ ʪʘʙʣʠʮʽ 5.14. 

ʊʘʙʣʠʮʷ 5.14. ɺʠʙʽʨ ʮʽʣʴʦʚʠʭ ʛʨʫʧ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʢʘʟʘʥʠʭ ʮʽʣʴʦʚʠʭ ʛʨʫʧ, ʫ ʷʢʦʩʪʽ ʩʪʨʘʪʝʛʽʾ ʦʭʦʧʣʝʥʥʷ 

ʨʠʥʢʫ, ʟʘʟʚʠʯʘʡ, ʦʙʠʨʘʻʪʴʩʷ ʩʪʨʘʪʝʛʽʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ, ʪʘʢ ʷʢ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʟ ʜʝʢʽʣʴʢʦʤʘ ʯʘʩʪʠʥʘʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʠ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʦʢʨʝʤʘ ʧʨʦʛʨʘʤʘ ʨʠʥʢʦʚʦʛʦ ʚʧʣʠʚʫ. 

ɼʣʷ ʨʦʙʦʪʠ ʚ ʦʙʨʘʥʠʭ ʯʘʩʪʠʥʘʭ ʨʠʥʢʫ ʪʨʝʙʘ ʩʬʦʨʤʦʚʘʥʘ ʙʘʟʦʚʘ ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʚʠʪʢʫ, ʪʦʤʫ ʩʬʦʨʤʫʻʤʦ ʾʾ ʪʘ ʟʘʥʝʩʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʪʘʙʣʠʮʽ 5.15. 

ɸ ʪʘʢʦʞ ʚʠʥʝʩʝʤʦ ʩʪʨʘʪʝʛʽʶ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʽ ʧʦʤʽʩʪʠʤʦ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʪʘʙʣʠʮʽ 5.16. 
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ʊʘʙʣʠʮʷ 5.15. ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ ʟ ʦʙʨʘʥʠʭ ʯʘʩʪʠʥ ʨʠʥʢʫ ʜʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʪʘ 

ʧʨʦʜʫʢʪʫ, ʜʝʪʘʣʽ ʟʘ ʪʘʙʣ. 5.5, ʘ ʪʘʢʦʞ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʙʘʟʦʚʦʾ 

ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ, ʜʝʪʘʣʽ ʟʘ ʪʘʙʣ. 5.15., ʪʘ ʩʪʨʘʪʝʛʽʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ, 

ʜʝʪʘʣʽ ʟʘ ʪʘʙʣ. 5.16., ʨʦʟʨʦʙʠʤʦ ʩʪʨʘʪʝʛʽʶ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʬʦʨʤʫʚʘʥʥʷ ʨʠʥʢʦʚʦʾ ʧʦʟʠʮʽʾ, ʟʘ ʷʢʠʤ ʩʧʦʞʠʚʘʯʽ ʤʘʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʪʦʨʛʽʚʝʣʴʥʫ ʤʘʨʢʫ, ʘʙʦ ʧʨʦʻʢʪ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.17. 

ʊʘʙʣʠʮʷ 5.16. ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ 
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ʊʘʙʣʠʮʷ 5.17. ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

 

 

5.5 ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʯʘʩʪʠʥʠ ʩʪʘʨʪʘʧ-ʧʨʦʻʢʪʫ 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʯʘʩʪʠʥʠ, ʜʣʷ ʧʦʯʘʪʢʫ, ʩʬʦʨʤʫʻʤʦ 

ʤʘʨʢʝʪʠʥʛʦʚʫ ʢʦʥʮʝʧʮʽʶ ʪʦʚʘʨʫ, ʷʢʫ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʩʧʦʞʠʚʘʯ. ʇʽʜʩʫʤʢʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʦʚʘʨʽʚ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʫ 

ʪʘʙʣʠʮʽ 5.18. 

ʊʘʙʣʠʮʷ 5.18. ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʢʦʥʮʝʧʮʽʾ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʪʦʚʘʨʫ 

 

ɼʘʣʽ ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʮʽʥʦʚʽ ʤʝʞʽ, ʷʢʠʤʠ ʥʝʦʙʭʽʜʥʦ ʦʧʝʨʫʚʘʪʠ ʧʨʠ 

ʚʠʩʪʘʚʣʝʥʽ ʮʽʥʠ ʥʘ ʧʦʪʨʽʙʥʠʡ ʪʦʚʘʨ (ʦʩʪʘʪʦʯʥʘ ʮʽʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ 
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ʧʽʜ ʯʘʩ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʻʢʪʫ). ɸʥʘʣʽʟ ʧʨʦʚʦʜʠʪʴʩʷ 

ʝʢʩʧʝʨʪʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʟʘʥʦʩʠʪʴʩʷ ʜʦ ʪʘʙʣʠʮʽ 5.19. 

ʊʘʙʣʠʮʷ 5.19. ɺʠʟʥʘʯʝʥʥʷ ʤʝʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥʠ 

 

ɼʘʣʽ ʧʨʦʚʝʜʝʤʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʙʫʪʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʥʝʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.20. 

ʊʘʙʣʠʮʷ 5.20. ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʫʪʫ 

 

ʆʩʪʘʥʥʽʤ ʞ ʝʪʘʧʦʤ ʙʫʜʝ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, 

ʷʢʘ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʫ, ʷʢʘ ʙʫʣʘ ʦʙʨʘʥʘ ʧʦʧʝʨʝʜʥʴʦ, ʜʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʮʠʬʽʢʠ ʧʦʚʝʜʽʥʢʠ ʢʣʽʻʥʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 5.21. 

ʊʘʙʣʠʮʷ 5.21. ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʫʪʫ 
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ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʚʠʱʝʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʜʘʥʦʤʫ 

ʨʦʟʜʽʣʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʽʜʝʾ ʧʨʦʻʢʪʫ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ, ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʜʽʡʩʥʝʥʥʦʶ ʪʘ 

ʘʢʪʫʘʣʴʥʦʶ, ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʠʥʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʚʨʘʭʦʚʫʶʯʠ 

ʡʦʛʦ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʨʦʻʢʪ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʽʩʥʫʶʯʠʤʠ ʧʨʦʻʢʪʘʤʠ 

ʫ ʢʦʥʢʫʨʝʥʪʽʚ. 

ɹʫʣʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʨʠʥʢʦʚʘ ʩʪʨʘʪʝʛʽʷ ʧʨʦʻʢʪʫ, ʜʝ ʮʽʣʴʦʚʦʶ 

ʘʫʜʠʪʦʨʽʻʶ ʻ ʚʣʘʩʥʠʢʠ ʟʥʘʯʥʠʭ ʪʘ ʣʦʢʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ 

ʋʢʨʘʾʥʠ. ɼʣʷ ʦʭʦʧʣʝʥʥʷ ʚʩʴʦʛʦ ʨʠʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʪʨʘʪʝʛʽʷ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ, ʘ ʜʣʷ ʙʘʟʦʚʦʾ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʙʫʣʘ ʦʙʨʘʥʘ 

ʩʪʨʘʪʝʛʽʷ ʜʠʬʝʨʝʥʮʽʘʮʽʾ. ʂʦʥʢʫʨʝʥʪʥʘ ʙʦʨʦʪʴʙʘ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʟʘ ʩʪʨʘʪʝʛʽʻʶ 

ʟʘʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʥʽʰʽ. 

ʊʘʢʦʞ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʨʢʝʪʠʥʛʦʚʘ ʧʨʦʛʨʘʤʘ, ʚ ʷʢʽʡ ʚʠʟʥʘʯʝʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʧʨʦʻʢʪʘʤʠ ʢʦʥʢʫʨʝʥʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʜʦʩʪʫʧʥʠʭ ʮʽʥ ʟʘ ʧʨʦʻʢʪ, ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ ʟʙʫʪʫ ʯʝʨʝʟ 

ʪʝʥʜʝʨ, ʷʢ ʦʧʪʠʤʘʣʴʥʫ. ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʨʝʢʣʘʤʠ ʙʫʣʘ ʦʙʨʘʥʘ 

ʨʝʢʣʘʤʘ ʜʦʥʝʩʝʥʥʷ ʜʦ ʢʣʽʻʥʪʘ ʚʘʞʣʠʚʦʩʪʽ ʷʢʽʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʇɺʉɺ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ. 
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ɺʀʉʅʆɺʂʀ 

 ɺ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʨʦʙʦʪʘ ʧʦ ʨʦʟʨʦʙʣʝʥʥʶ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʽʡ ʩʠʩʪʝʤʽ ʚʝʥʪʠʣʷʮʽʾ ʽʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʩʭʦʚʠʱʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʧʨʦʤʦʜʝʣʴʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʇɺʉɺ ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ. ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʽʟ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʪʘ 

ʘʥʘʣʦʛʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʙʫʣʠ ʥʘʣʘʰʪʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠʢ. ʆʙʨʘʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʫ ʽ 

ʩʚʦʻʯʘʩʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʟʙʫʨʝʥʴ ʟʽ ʩʪʦʨʦʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ 

ʜʦ ʩʠʩʪʝʤʠ. ʂʨʘʱʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʪʦʛʦ ʤʝʪʦʜʘ, 

ʷʢʠʡ ʧʦʢʘʟʘʚ ʤʽʥʽʤʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʣʽʥʽʡʥʦ-ʘʙʩʦʣʶʪʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, 

ʪʘʢ ʷʢ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʫʜʦʚʦ ʧʦʢʘʟʫʶʪʴ ʩʝʙʝ ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʫʨʝʥʴ ʚ ʩʠʩʪʝʤʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʠʩʪʝʤʠ ʙʫʚ ʦʙʨʘʥʠʡ ʢʦʥʪʨʦʣʝʨ ʚʽʜ ʽʪʘʣʽʡʩʴʢʦʾ ʢʦʤʧʘʥʽʾ EVCO, ʘ ʩʘʤʝ EVCO 

c-pro 3 kilo+, ʷʢʠʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʽ 

ʟʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʧʝʨʝʜʞʘʻ ʘʥʘʣʦʛʠ ʚʽʜ ʢʦʥʢʫʨʝʥʪʽʚ. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʨʦʟʨʦʙʣʶʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʽ UNI-PRO 3, ʷʢʘ 

ʚʤʽʱʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʽʙʣʽʦʪʝʢ ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʦʶ. ʇʨʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʙʫʚ ʨʦʟʨʦʙʣʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ʥʘ ʤʦʚʽ FBD ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʽʟ ʧʨʠʤʽʱʝʥʥʷ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʙʫʣʦ ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ MySCADA, ʷʢʘ ʡʜʝ ʚ ʢʦʤʧʣʝʢʪʽ ʽʟ ʧʘʥʝʣʣʶ ʦʧʝʨʘʪʦʨʘ 

myPANEL ʽʟ ʥʝʦʙʤʝʞʝʥʦʾ ʣʽʮʝʥʟʽʻʶ. ɼʘʥʘ ʩʠʩʪʝʤʘ, ʚ ʟʤʦʟʽ ʘʜʘʧʪʠʚʥʦ 

ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ, ʢʝʨʫʚʘʪʠ ʚʠʢʦʥʘʚʯʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʪʘ ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʧʨʠʣʘʜʽʚ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ ʘʚʘʨʽʾ. 
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